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THE ROMANCE OF DISTANCE 


By Dr. OLIVER JUSTIN LEE 


NORTHWESTERN UNIVERSITY 
DISTANCE, in ages past so baffling to the solving of 
rs and explorers that the Magic another. 
t was invented long before the air- As boys we use 
has become, in modern times, for ity about the heig] 
i arms of the astronomer merely buildings by a simpk 
» of a simple triangle. Even to sticks, both | 
astronomical distances become 
significant numbers. By no 
n means can he picture them to 
The person who does not have 
ific knowledge of the methods used 
riences a loss of contact—it is 
st as if the circuit of conscious con- 
nce had been broken and an arcing 
p across the break into the dark 
be made under a high tension on 











ulity. 





w such a strain is not necessary. 
fundamental methods of measure- 
ent that every one uses have devel- 
1 naturally into the highest refine- from 
nts used by the scientist. Keep laid 
tact. The writer will go so far as to moved toward or 
that any one who has mastered the to be measured unt 
equivalent of good high-school courses caught the pea 


k 
elementary mathematics and physics example from A’B’ t 
n follow the reasoning and can actu- knew that AC was 
ly understand the technique employed we could easily mea 
measuring any distance, large or length of thestick, 


small, provided each step or operation then recogn\e 


in turn is clearly explained. isosceles right triat 
Finding the height of a tall object If the reader wil! 
without climbing up to measure it or at arm’s length an 
determining the distance to an object or other objects 1 
which is far away but visible, whether 1The drawings for 
accessible or inaccessible, always implies were made by Miss Beat 
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blinking alternately with his right and 
his left eye, the finger will seem to jump 
back and forth We call this jump 
parallax, which means alternation. 
Thousands of times every day the small 


triangle, formed by the distance be- 


tween the centers of the pupils of the 
two eyes as a base line and the | 
from each eye to an object as the 

two sides, is interpreted by the brain as 
a distance and enables us to reach for 
objects without fumbling. Experience 


— 
t 


+h} 
t is 


has sharpened this faculty until 
little triangle, which has a base line of 
less than 3 inches, gives us an enormous 
power of visual orientation. For most 
objects it is reliable enough for ordinary 
purposes up to distances of a few miles. 

Suppose we increase the baseline of 
25 inches to 4.000 miles or 96.000.000 
fold. We can not make the moon 
*‘jump’’ back and forth with respect to 
the stars by winking now one eye, now 
the other; but, if we place one observer 
in Washington, D. C., and another in 
Valparaiso, Chile, and ask them to tell 
us when the north or south limbs of the 
moon just miss occulting certain stars, 
we shall find that they are making the 
moon ‘‘jump’’ a degree or more in the 
sky; in other words, nearly two diam- 
eters of the moon. Blink your eyes 
alternately at the corner of a chair or 
another object about 13 feet away from 
your eyes and it will ‘‘jump’’ as much 
as our moon does to the two observers 
described. 

If we provide them with telescopes 
and micrometers to measure the dis- 
placements, which any one occupying 
both of these positions at one time could 
easily see with the naked eye, it is obvi- 
ous that the triangle, composed of the 
distance through one side of the earth 
from Washington to Valparaiso, Chile, 
and the lines drawn from each to the 
center of the moon, can be solved with 
much accuracy. Fig. 2 shows the 
necessary relations. The angle AOB 


equals the sum of the 

the two 

are known radii 

compute the distance AB 
angles OAB and OBA. Z 
the zeniths of the two obser 
angles ZAM and Z’BM ar 
from observations. If we sul 
angles OAB and ZAM from 
vet the angle BAM, and simi 
angle ABM. This solves t 
AMB; meaning, thereby, that 
find the length of the sides AM 
and the angle between then 
Knowing, now, the sides OA 
and the included angle OAM, 
find the distance OM from the eer 
the earth to the center of tl 
which is the fact we want. T! 
distance is 238,857 miles. 

In actual practice the pr 
harder than it appears in tl 
description, but the theory as g 
complete and is very simple. 

This distance to the moon is 
error more than one part in 
twenty thousand. It is as accur 
distances on the earth’s surfa 
known from ordinary surveys 
land is very valuable, as it is 
heart of a great city, engineers 1 
work to an accuracy of one p 
twenty to fifty thousand. Th: 
geared United States Coast and 
detic Survey attains an accuracy o! 
part in 500,000 to 1,000,000 
words of my _ colleague, Pr 
Berger, formerly a member of 
organization, ‘‘quite easily.’’ 

Fundamental measurements of 
distances on the earth are always 
ried out by measuring baselines 


















THE 











and by solving all manner of 
s. Perhaps the most accurate 
s kind ever done was carried 
r the direction of Colonel 


measuring the dIls- 


m Bowie in 


two points on 


Zz miles betwee n 


San Antonio and Mount Wilson 
fornia as a baseline for Michel- 
; determination of the velocity of 
The probable error is not greater 
» part in 6,800,000, or about two 
s of an inch in 22 miles. The 


{ } 


ss who could feel the presence of 


a through seven thick feather mat- 


was no more sensitive than the 
neers who checked and tested every 
, every instrument and every opera- 
in this notable achievement in 
surement. 

is distance is 


es more accurately than we know the 


known about 700 
stance from the center of the earth to 
eenter of the sun. In other words, 
latter distance may be 10,000 miles 
re or than 92,870,000 miles. 


is is an accuracy of about one in nine 


less 


sand. 
For more than 1,800 years the dis- 
e to the sun was held to be 4,800,000 
les because Ptolemy had 
n, near the year 1700 A. D., 
ide a determination of this distance 
with the aid of Kepler’s Harmonie Law 
ind got 87,000,000 miles. In 1769, 
Delambre obtained 95,000.000 miles and 
great Encke, in 1835, 95,370,000 
les. This was replaced about 1860 by 
e new value 91,000,000, which in turn 
1875, to the figure 


said so. 


Cassini 


rave way, in 
13.000.000. 

It is interesting to note the long 
spans of time that separate the earlier 
ind the crowding together of the later 
In searching out the size of the 
fundamental quantities in the universe, 
it often takes much longer to get an 
idea of the order of size than it does to 
refine that knowledge to a satisfactory 
accuracy. To suggest a problem from 


aates 
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another field 
S ves ll } S S . 
measul 
pl ib S) i] 
lor rel l S 
measuring hu 
proxima thar 
require to de ) reco! 
fine distinctions | S S 

In almos s s 
measurement the 1 : For 
example, any one ¢: I 
length of a short st rod t 
correctly to the one fiftiet f an inel 
An aceuracy of on ! 
inch is only attained at the expens 
much time and money 

Astronomers of ar time tl t 
that all the stars were located at t 
same distance from the earth and just 
outside of Saturn, which was the outer 
most planet known to them. The) 
could not conceive of spa being 
wasted between Saturn and the stars 
Had they known the distance to Saturn 
and the amount of matter in the solar 





system, which they did not, they would 





have seen that even this rel: 









pact little system is mostly waste space 
If we should weigh all the material i 
the sun and the planets, excluding 
Pluto, the total would be close t 





These bodies move so 





1.66 x 1077 Tons. 


that they may always be found inside of 






a thin circular disk of space 174,000,000 
6,000,000, 000 





miles thick and less than 





miles across. Suppose we pulverize the 







material and scatter it uniformly inside 
this disk. Every eubie mile of spac 
will contain about 675 pounds 1S 






which would hardly cause 





haze. 
Interstellar 
vacant. Sir 





space is al 





ceivably 
Eddington 
billions of gigantic stars, all t] 
planets, all the visible and dark 
that the 







estimates that, with all the 





nebula¢ 





average 


10-**. This 


space is so extensive 








density in the universe is 





S388 


means that one cubic inch of water or 
its equivalent of any other substance has 
10** cubic inches, or forty trillion eubic 
miles, to play around in. Waste space 
indeed! 

All such figures involve knowledge of 
the amount of matter in the universe 
and its distribution. Our 
with the distances of stars and 
celestial objects and again we start with 
the lowly triangle. 

In Fig. 3 the earth is shown in two 
positions in its orbit, about six months 


concern is 
other 





M + 4" 
* 








STAR WITH RE- 


THE PARALLAX OF A 
SPECT TO DISTANT STARS LIKE N. 


FIG. 3. 


apart. A star M is displaced angular 
distances d’ and d” in relation to a com- 
parison star N. Half of this angle, 
E’MS, is called the parallax of the star 
M with respect to such stars as N. 
The base line E’S is known to be 
93,000,000 miles, and hence by trig- 
onometry the distance to the star, SM, 
becomes known. The measurement of 
the angle E’ME” is the difficult part of 
the problem. For the last three decades 
it has been done almost exclusively by 
photography. The over 
3,000 stars have been determined in this 
fashion and a great many of these paral- 
laxes have been measured at two or more 
observatories. In the 
ment is as close as can be expected. It 
must be remembered that even for the 
nearest star, Alpha Centauri, the dis- 
placement measured, as in Fig. 3, is just 
equal to the displacement of an object 
4.1 miles away when viewed from the 
two edges of a silver quarter dollar set 
on its edge facing the object. 

The relative parallax of a star M, so 
determined, is always a little too small, 
because the comparison stars them- 


distances of 


agree- 


general 
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selves, like N, 
with respect to 
finitely far away. 

Fig. 4 illustrates this point 


are displaced 
the 


backe: 

















FIG. 4. ABSOLUTE PARALLAX OF 


is here taken in its mathemati 
ing as a distance greater than 
tance we may choose. In 
the with 
meanings. The 
carries a 


tice we word 
variety of 
brand of camera 
setting the focus which may ha 


use 


bers up to fifty or a hundred 
on it. Beyond 100 feet we sa; 
loose ly to be sure, that the foc 
finite, meaning thereby that the 
in the foeus for greater distan 
appreciable. In the case in F 
finity may be taken as ten or a 
times farther than thé 
distance we can measure. 

The reader may say, “‘How 


away 


determine the displacement of 
N with respect to the backgrouw 
finity you have assumed, and if 
not, then how can you know what 
positive correction to apply to t 
tive parallax of M to get its 1 
tance?’’ The 
directly. And, for the nearest 
one hundred stars it does not mu 
ter, since the correction, E’NS in | 


answer is, we ¢ 


or the ‘‘reduction to absolute’’ 
called, is only a small fraction 
whole parallax of such near stars 
When we deal with more distant 
as we are now doing, 
greatest importance. 
If we wish to deal statisticalls 
the distribution in space of stars 
real parallaxes are of the same ord 


size as the reduction to absolute, we 1 





it becomes of 
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me way of determining this quan- 


In other words, what can we do 


n the star under investigation is as 
r away as the comparison star? 
re discussing the methods used to 
the distances of these faint com- 
rison stars, let us consider briefly the 
gress in determining stellar paral- 
s, which called the most 
ate operation in the whole range of 
tical astronomy. Up to about 1600 
). the vaguest ideas were held about 
distances to the stars. At that time 
Brahe tried to test the truth of 
eliocentriec theory of the solar sys- 
the alternation in 
due to the earth’s 
ital In spite of the in- 
‘eased refinement he 
bservational astronomy, he could get 


has been 


by observing 


ol 
| displacement. 


; 


sitions stars 


which developed 
) displacement of stars and concluded 
Attempts 
measure the parallaxes of stars were 
le time and again but without 

in 1838, in Germany, 


Copernicus was wrong. 


suc- 


ss until Bessel 

easured the parallax of 61 Cygni and 
Henderson, in 1839, in South Africa got 
the distance of Alpha Centauri. 

Up to 1888 the parallaxes of twenty- 
five stars had been measured. In 1901 
there were fifty-eight published values. 
In 1924 Schlesinger discussed the paral- 
laxes of 1,870 stars, many of which had 
been measured by two or more different 
observers. It is safe to say that a thou- 
sand more parallax determinations have 
been made up to the present time. 


During the last 25 years many at- 
tempts have been made to correlate 


stellar parallaxes with other quantities, 
such as brightness or magnitude of the 
stars, or with magnitude and proper 
motion, which is the very minute change 
of a star’s position in the sky, or with 
the magnitude, proper motion and angu- 
lar distance from the plane of the Milky 
Way. The idea is that if we could get 
such a_ correlation established for 
brighter stars, we might possibly expect 








OF DISTANCE 





it to hold for fainter star 
could, by an extrapolation, 






; 


‘*reduction to absol 
















The apparent brightness of stars 
is a poor criterion of distance. We know 
that one star may in extreme cases actu 
ally be 100,000,000 times brighter than 
another, for we can d tl 
solute magnitude of stars as soon as 
we know their dis \ at 
ally ‘absolut ma 1 s a ( 
as the apparent magnitu pl 
plus five times the logarithm « 
parallax in fractions L Seco! 
are, that 1s, 

M=m+5+5logn7 

In a sense this is an arbitrary dé tio} 
but no more so than our definition 
yard or a meter as the length of certain 
carefully protected metal bars in the 






sh and Frenc] 





keeping of the Engli 


) 
ernments. The absolute magnitudes of 







stars are the luminosities which ey 
would have if we brought them, one by 
one, to such a fixed distance from us 





that they would all have the same paral 
lax, 0.“1. In other words, 
6 light 


stars up to a fence, which is 32 


we bring the 







trillion mil 






years or about nineteen es 
away, and then compare their real lumi 
nosities. Until we know its distance, we 
can not tell whether we are looking at a 







faint star which is small and quite near 
to us or one that is very luminous and 






very far away. 
Of the seventeen stars so far known to 






be nearest to us only six are visible to 
more 





the naked eye, and the distances of 





than one thousand naked-eye stars have 





been measured. 

Proper motion alone is a better cri- 
terion of distance provided, first, that 
we have this quantity for a large number 
that there be available 







of stars; second, 
measured parallaxes, determined by our 
familiar triangle, for a sufficient num- 














ber of faint stars to establish strong 
correlations between distance and ap 


parent motion; third, that we determine 
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these correspondences independently for 
rather small portions of the sky and do 
not try to the 
celestial sphere with one formula. 
Unless such conditions are fulfilled, it 


veneralize over whole 


is necessary to make assumptions about 
the symmetry or other characteristics of 
stellar distribution. The resulting pic- 
ture may be beautiful, mathematically, 
and yet fail to represent nature. It is 
important for an astronomer to be a 
naturalist as well as a mathematician. 
The sun moves, like everything else in 
the universe, so 
with brighter stars, its 
motion is toward a point between the 
constellations Lyra and Hercules, at a 
velocity of twelve miles a second. 


far as we know, and, 


respe ct to the 


Stars observed at right angles to this 
line of motion will seem to move back- 
wards in the sky, systematically—nearby 
stars much and distant stars less. Stars 
which are situated near the point toward 
which the sun is moving, the solar apex, 
or at the opposite point, the antapex, 
will not be affected. 

This apparent movement of the stars 
is called parallactic motion and the 
yearly amount of motion of a star, lo- 
cated at right angles to the line of the 
sun’s track, is called its secular paral- 
lax. 

It is true that much valuable informa- 
tion about the relative distances of stars 
has been gotten in the past by consider- 
ing the parallactic and the 
brightness of stars and their angular dis- 
tance from the Milky Way. But the 
key to the whole process, if we wish to 
find the real 
space, is the solution of 


motions 


distribution of stars in 
our triangle. 
Actually the motions that have to be con- 
sidered are very complicated. Suppose 
we enter leisurely into a large moving 
aggregation of people such as a crowd 
at a state fair near the noon hour. In 
general the persons at our sides will seem 
to move backward with respect to us. 
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But there are large numbers 
moving, streamlike, toward 

go home. Other large groups 
ing toward refreshment 
errounds. 


Stands 
Here is a group of adu 
ing athwart our course in ord 
cession. There is a family gr 
in general motion toward s 

but the 


positions in the group, perhaps 


are shift 


individuals 


less about the father as the « 
gravity. And all through tl 


crowd, individuals are running 
speed in many directions or 
still as if to take their bearings 
From tubular sam; 


space given him by his telescop: 


converse. 


say on a photographic plate, t! 
mer must decipher the comp 
and 
from a composite flux which is in} 
simpler to untangle than the e 
seribed above except that he has 
time in which to do it. 

Within the last fifteen years a 
interesting method has been dev 
by which the distances of stars 1 


tions, distances speeds « 


gotten by correlation with the r 
intensities of lines in their spectr 
method was organized by Adams 
some of his colleagues at Mount \ 
Very careful study has revealed 
the ratio of the intensities of s 
pairs of lines in the spectrum of 
star differs greatly from the rat 
the same lines in a dwarf star. Su 
we compute the absolute magnitud 
all the stars of spectral type K, say 
Arcturus, for which we have gott 
parallax by the rigorous triangle m 


and measure the ratio of intensities 


two lines in the spectra of each. 
ean then make a diagram like the 
below and draw a smooth curve thr 
the points. Obviously, we may now 
serve the ratio of these lines in 
spectrum of a star of unknown dista! 


—let us say it is +1.0—enter the d 
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at the left and where the horizontal 
strikes the curve go down 


line and read off the 


enitude, which might be 5.5 By 


sing the process for finding the abso- 


magnitude when we know the real 
we may now find the real 
llax because we know the absolute 


enitude. This method of finding dis- 


s of stars, whicl much used at 
nt, depends entirely upon the 
l of the triangle. 
to a dozen years ago we had only nebulae a 
st sketchy notion of the distances’ distances of 
‘+h celestial objects as spiral nebulae Reme} 
elobular clusters. This situation f 
hanged. 
two Magellan C] 
were noticed by 
navigator, Magellan, in 1520, 
great aggregations of stars quite de- 
hed from the Milky Way. Each con- 
is large numbers of stars that vary 
li¢ht, and since th 
is been observed in the northern star 


e variation 1s such 
ta Cephei, they are called Cepheids. 
1908 Miss Henrietta Leavitt, of Har- 

vard, who was studying these variables 

in the Smaller Magellanic Cloud, called 
ittention to the fact that the brighter the 

star, the longer it took to complete a 

cycle of variation in light. 

Since all the stars in this isolated 
cloud group must be approximately at 
the same distance from us, their differ- 
ence in brightness must indicate differ- 
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The subscripts give the number of stars 
entering into each plotted point. The 
relations indicated in this graph have 
been further confirmed by Shapley in 
later investigations, and the curve given 
above has been smoothed and extended 
greatly. Having determined the period 
of Cepheid variables in the very distant 
spiral nebulae and globular clusters of 
stars, we may use them with the graph 
to get the absolute magnitude and hence, 
by the aid of the formula given above, 
the parallax or distance may be com- 
puted. 

If we remind ourselves that light takes 
900 seconds or 84 minutes to get here 
from the sun; 5 hours and 33 minutes 
from Pluto; 4.3 years from the nearest 
star ; then we are only slightly prepared 
to learn that the distance to the Smaller 
Magellanic Cloud, which Miss Leavitt 
studied, is 105,000 light years; to the 
naked-eye globular cluster in Hercules, 
33,000 light years; and to the spiral 
nebula, Messier 33, 850,000 light years. 

Should you after reading these figures 
keep them in mind while you get into 


your car and set a clip of 60 miles an 


hour on a wide road with litt 
you would find your car and 
rooted to a point in interstel 
unable even in your whole 
move so much as across the w 
cosmic punctuation mark, the | 
While the extreme distances 
not arrived at by direct meas 
they rest finally upon the soluti 
triangle we have discussed ear! 
great is the 
evolved a method which promis: 
even the order of distances to t 
jects, that we are not now ¢ 
whether the distances found ar 
cent. too small or too great. 
This is certain, the univers 


satisfaction in 


on a large seale. It is no less 
that the human mind is capable 
ing out what the physical orga: 
of the universe is like. We mig 
gest 10* years as a suitable pe 
future time in which to find out 
the universe began, where it is 
and when and how it will get 
Complete reports before the end of 
such period of further study shou 
considered premature. 





THE NATIONAL OVERWEIGHT 
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{WEIGHT is a term concerning Stout persons usual! 
there need be no quibbling. In << 
there is a definable relation be- When the two crit 
eight and body height. This overweight means 
varies with type. <A stout Swede one should for one’s 
rs from a stout Italian; but the with the consciousness 
has no difficulty in recognizing The sensations support 
rsons in Sweden and fat persons disability of overweig! 
The relation of body weight tinguished from the disal 
ly height is readily expressed in vancing age; but this is 
rage, with an allowance for indi- cult except for individ 
variations. Enlistment records trying to hide their 
rmies furnish good standards for themselves. 
in the third decade of life. Life It is commor ly be 
rance records furnish good stand- weight, within limits, 
s for men and women after thirty. childhood and adolescence 
standards are different for men and _ sion of high nutriti 
n. All demographic standards tance to disease. 


ist be applied with common sense and and especially after fifty, overweight 


; 


scrimination, and this holds for over- unquestionably no asset but a liability 


ght and underweight of the human A pronounced degree of overweight, 


If a man of a certain height, which is obesity, brings diseases in its 
se weight according to the standard train, of which diabetes is the striking 
s ought to be 190 pounds, weighs illustration. It is not generally realized 
)or 180 pounds, the variation would how large a proportion of 
id to little concern, statistically or overweight after fifty approach obesity 
dically. But if his weight were 220 Medical experience and life insurance 
160 pounds, the figure would indi- analysis of sickness and death make 
significant overweight or under- clear that even moderate overweig! 
ight. imposes a burden on the organs of cir 
Further, the definition is not merely culation. Diseases of the circulation 
tatie, it is also dynamic—to use formal represent the outstanding cause of deat! 
phrases applied to a commonplace topic. after forty. Without going into detail 
verweight is likely to be attended with it is accepted that overweight increé 
wering of facility in body movements, the incidence of disease and raises 
a reduction for the individual and for death-rate. 
he age. The stout man feels himself The expectation of life is increasing, 
encumbered; he handles himself (at his but the span of life is not being ex- 
‘cupation or at a sport) with less than tended. The increasing proportion of 
uccustomed dexterity. Thestoutwoman men and women who pass fifty must 


feels herself less disposed to physical give more than casual attention to the 
activity, her household tasks are done trend of body weight. Bathroom scales 


less dexterously, her dancing falls off. are at once a guide and an inspiration. 





THE SCIENTIFIC MONTHLY 


= . 
+h} . 
Lhings equal, 


that 


overweight, perhaps 


even those with underweicht, 


pa ss 


*7) 31 } | 
miadie age towards oid age 


through 
with 


ip 
f 4 dew l 7 2 
comfortably than those over- 


If any one 


more 


weight. wil! make a census 


of persons in his acquaintance over 


and divide them 


into a spare group and a 


seventy years of age, 


stout 
one will learn how much larger 


{ 


proportion of thin persons in 


Exceptions exist, of course; but no 


over sixty can expect to carry 
forty or fifty pounds of excess fat with- 
effort. 


The body weight at any time 


out paying for the 


childhood excluding disease resents 
the balance of three factors: the amount 
of food 1 d, 1e of 


heat lost by amount 


bor ly 


Ingweste¢ 
radiation, 


of museular work 


and exereise) done. 


It is best to consider these in the reverse 
order. 

WORK 

When the 


stored energy of a 


AND Foop Req 
human body 
foodstufl 


1 ; 1 as 
entalls th COMDUSTION. 


But 


the process is 


this 
mechanical efficiency of 


} + hr ° +] ° } 
incomplete about three fourths of the 


energy is dissipated as heat, around 


fourth is recovered as work. 
remains in t] e body, TO he disp sed of 


according to circumstances As every 
one knows, hard work entails heavy eat- 


ing, oceupati are 


daily muscular work being done by the 


sedentary sup- 
ported on a light diet. amount. of 


woman is 


This is 


average American man and 

declining sensibly every year. 
the consequence of the mechanization of 
Machines take the place of 


society. 


work animals and of manual workers. 
More and more, men become guiders of 
machines, fewer men function as manual 
workers. 


erate work, moderate work gives way to 


Hard work gives way to mod- 


light work, the average gainful occupa- 
tion approaches and more the 
status of a sedentary vocation. 


more 


The progress is in t 
in the home, though 
the 


contrivance introduc 


same extent 
running water, central 
lirht, 


Stoves, pows r drive nh Wwasli 


improvements in 


i 
dish-washers and vaeut 
tric 
manual 
The 
effort as well as of fatign 


irons and so on 
labor of hous 
net result is reducti 
Improvements in transp 
munications and business n 
reduced the bodily labors 


need TO 


’ 
ao not 


news; 1t comes 


tending many or 


by perfection ( 


)] 
] 
a 


business meth« 


quately recog! 


mobile has enormously 


average annual exert 
| otn city 


replanned, because 


and country 


work instead of 
Against these 
- of exertion only one 


1 
I 


numer 


In opposite direction 


But the counter-eff: 


sports. 
the golf « 


and 


sidering the decline of |] 


lurses, Tennis C¢ 


football fie lds 


significant counter-weight to 
nization of gainful 
thermore, apart from 

largely the exercises ’ 
golf, the physical exercise of 
so far as the average player is « 
is exaggerated; probably th 
to the 


aroused by the game, overeats et 


player, in response 
make up for the energy expend 

The cumulative result upon t! 
requirements of the various elen 
the mechanization of society is 
significant. It not be meas 
but when one recalls that a man 
extreme work requires six to eight 


can 
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sana eal ries 
ns less than 

. ] 4 ‘ ; 

er day, the extent 

dd requirements conseque 
tion becomes nt 


appare I 


[ATE AND oop ReEgqt 


ss than two thou 
This inelude 


irate; 


; 


ts needed to maintain repair and 


ep of the tissues. Food must be in- 


1 in excess of this amount to keep 


ody warm in a colder surrounding 


mperature and to maintain muscular 


tivities. Under these cireumstane 


average per capita intake of fox 


r year in terms of calories has prob- in the n 


ly depended more on work and ex- instinct 


sure than on the basal requirements _ tion of ov 
the body. With these two factors T 


‘his instinet 
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to the extent that instinct holds for eat- 
ing at all. Most adults tend to eat too 
much, relative to their requirements. In 
this we are aided by the wide choice of 
foodstuffs available to us, by improve- 
ments in the art of cooking, and by the 
added attraction contributed to the re- 
past by tempting service, esthetic sur- 
roundings and social amenities. In our 
modern life, psychological appetite has 
as much scope as (or more than) physio- 
logical hunger. We have a number of 
effective motives for eating aside from 
physiological need, and they are oper- 
ative a great deal of the time. 

Overeating, relative to need, is the 
major cause of overweight. There are 
persons who overeat and remain thin; 
there are also persons who diet and 
grow fat. But such persons are few in 
number, the rare exceptions, abnormal, 
or at least anomalous. After all, human 
beings are animals and animal hus- 
bandry is founded on the demonstrated 
doctrine that feed makes fat, and fat 
ean not be gotten without feed. 

The easiest way of avoiding ingestion 
in excess of requirements is to use bulky 
foodstuffs with low calorie content in- 
stead of concentrated foodstuffs with 
high calorie content. It is possible to 
lose weight on a full stomach three times 
a day; it is possible to gain weight on a 
diet which does not fill the stomach once 
a day. It is in this respect that fruits 
and vegetables are attractive; they are 
invaluable for vitamins and mineral ele- 
ments, but they are also valuable in 
satisfying hunger and appetite without 
promoting overweight. 

There is an esthetic as well as a physi- 
ology of overweight. Overweight con- 
sists largely of fat, with its attendant 
water. Fat has a way of accumulating 
in places where it is really not wanted 
and in regions where it is conspicuous. 
An artist could distribute thirty or forty 
pounds of fatty tissue over the frame of 
a six-foot man with retention of pleasing 


lines; but nature fails to di 
is no accounting for tastes 
habitants of those countries 1 
ity is sought as a matter 
appearance (as in the Levant 
Orient) could doubtless give 1 
their preference ; but it ean 
gratification for an elderly 
gentleman to look like a Bro 
makes obesity less abhorre 
this country is in part tl 
masculine raiment is so no 
appearance that it does not 
worse on a fat man than o1 
It is perhaps not to be wond 
obesity becomes a sign of dist 
country so poverty-stricken 
nutrition is the rule. 


EcoONOMIC CONSIDERA’ 


One of the outstanding feat 
modern social economy is tl 
nence of services contrasted 
Among the goods, the food 
declined in prominence, contr 
other goods. Sustenance oi 
makes relatively lower claims 
merly. With increased natio: 
has resulted a subordination 
tualment which is not adequatel; 
ciated. Evidence from census 
and from surveys of distribut 
gest that the outlay of the Ar 
people to cover the food suppl: 
much over a fourth of the nat 
come. Indeed it is coming to 
ized that the inclusive outlay 
automobile is almost as much. 
baldly, this implies that the aut 
eosts the statistical family as n 
the food supply, and together 


take up about half of the natio! 


come. For the subject in hat 


importance of this lies in the rm 
between burden of subsistence an 


of subsistence. 


When a country is poor, und 


trition is likely to be prevalent. 


from half to two thirds of the nat 

















must be expended for the food 

is likely that the average plane 

on will be such as to entail 

rweight. Pressure of population 

d supply tends toward under- 
When, on the contrary, a 

is rich, undernutrition is likely 

only ineidental occurrence. 

dstuff that was once a luxury 

s a comfort, the foodstuff that 

s once a comfort becomes a necessity. 
d supplies are freely abundant 

y a fourth of the national income 

ls to be spent for foodstuffs, a high 
nutrition is likely to be main- 

A high level of nutrition tends 

ird overweight. Whenever it is easy 
fully nourished, it becomes easy to 
vernourished. Instead of being 
rable with the razorback hog, 

has to hustle and root for his 

1 and keeps thin, we are comparable 
the stall-fed pig, which chooses his 

out of self-feeders and grows fat. 

is often said that prosperity makes 
pulation soft; it is equally true 

it makes the population fat. The 
House Conference on Child 

Health has made it evident that we have 
relatively high incidence of defects 
ttributable directly or indirectly to 
faulty nutrition. But clearly this is due 
r the most part to ignorance. The 
gnorance which is likely in children to 
ead to undernutrition is likely in those 
ist middle life to lead to overweight. 
In short, in the national sense, suste- 
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nance of adults has ce: 
lem: instead, to a Sl 


oversustenanee of adult 


iem. 


Let us now summar 


There are _ instinctive 


pl ysiological tende1 


of overweight, which 


re strained or counteract 


economic circumstanc 


easy functioning of 


making for overweight 


income iS rising TT) , 


national income requir 


retail cost of the fi 


tively small Foodst 


in extraordinary variety 


The per capita food re 


eclining Economic rest 


is lacking except in the 


Under these cireumst 


bility of average over 


ing. Unless restrair 
the average overwi 
forty will be sig? 

is to-day; the efi 


incidence of diseas 


physical exercise. |] 
be look d forward 
fluences: education in 
precept, life insurance: 
style. And the er 


ably, is ST) le. 
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; 
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THE FILTERABLE VIRUSES 


By Dr. EARL B. McKINLEY 
PICAL MEDICINE, THE UNIVERS 
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Tue field of the filterable viruses isan cates size, for actual filtrat 
ever-widening one which, particularly agents devends to a larg 
during the last decade, has commanded _ several other factors. such as ¢ 
the attention of investigators in practi- eal charge carried by the ] 
cally all parts of the world. Within the substance of which the Gilt 
recent years investigations in this field the viseosity of the material 
have become so extensive that a large tered, its bedinagen eonecent? 


number of scientific journals and publi- come extent. and the amount 
cations contain in each issue papers or or negative pressure which is « 


at least some reference concerning inter- in earrying out the filtration 


esting phases of this subject. Various No doubt. as time coes on. ot 


et. . if reeen ?ditio ‘ . on. 
text-books of recent edition have in may be shown also to be inv 


, od etic » filterable viruses } 
_ da pees m on the en rable tent the present moment, then, 
and tv , 1s have vs 1e . . = 
ind two volumes have been published tempting to define a field by 


within the last two years which have ._s 
oo - lave empirical method which, most 

attempted to treat the subject in an ex- __- ¥ 
‘ of the subject will agree, is uns 
haustive manner. It seems altogether 


“aig . ose “pe . tory. Until we learn more ab 
fitting then for scientific publications of 


<i agents, however, we must be 
general interests to publish periodic re- ; 10 af affa; 
; : . ; with the present state of affairs a 
views of such subjects as the filterable , ; ‘ ‘ :, 
the time being, define a filterat 
as a particulate agent, probal 
dowed with life, of a size and 
an electrical charge which permits 
pass through the pores of ordinary 


viruses, particularly since many of 
these, the filterable virus field being a 
notable example, are changing and de- 
veloping with kaleidoseopie rapidity. 
In a very limited space the author will 


gS pete spade eandles, as a rule. ultramier 
attempt a brief picture of this fascinat- 


; (though there are exceptions), r 
ing subject. 


No one has as yet offered a suitable 
definition of a filterable virus. Not all 
filterable viruses are ultramicroscopic; 
hence the latter term is not precisely 
synonymous with the former, although 
it is decidedly a more definitive one. 
The term filterable virus has come into 


in many instances to the format 
intracellular inclusion bodies (cyt 
mic, intranuclear or both) and, 
disease phenomena have focused 
attention upon them, they appear t 
capable of inducing pathologie pr 
in many forms of life, including 1 
lower animals, fowls, fishes, insects 
plants. It is quite possible, of ¢ 
that filterable viruses exist which 1 
: ee é not be at all pathogenic for any for 
earth filters. The term is therefore life. We may possibly have sa 
relative and only in a general way indi- phytic filterable fa aia ie ie emaes 
1For general reference to the literature phytic bacteria. 


concerning filterable viruses see ‘‘ Filterable : ° > 
: : z fe s readily pare : 1e fi 
Viruses,’’ by Rivers, 1928, and ‘‘ Filterable It is readily apparent that th: 


Virus and Rickettsia Diseases,’’ by McKinley, able virus field is in a somewhat ch: 
1929. state. There are so many quest! 


general use chiefly because most of these 
agents have been shown to pass through 
the pores of porcelain or diatomaceous 


398 















scribed these bodies in some detail. 





y "PY 


animatum Ol! oul reneral 
particulate al 
ail are possibie 
our definition will me 


the demands 





ge concerning these 


Having attempted to define the filter 
ruses, let us look at the subject 1 
spect. In 1874 Weigert studied 

nute bodies in the lesions of sma 
ech we now designate vaccinia 


were 


s or Guarnieri bodies. These 
r studied by Loeffler and Pfeiffer in 


by Guarnieri in 


86 and extensively 
er whom they have been named 
Iwanowski found that filtrates 
n saic diseased 
ed the 
ained 

se observations formed the _ begin- 
of the filterable virus field. Since 
the 


major portion of discovery concern- 


tobacco plants 
infecting agent and tha 


active for several months. 


beginning of century 


present 


this subject has taken place and a 


present time there are no less than 


enty diseases included in this group. 


f 


me of the historical landmarks of thi 


very are as follows: 


[he demonstration in 1892 of the fil- 
ble nature of the 
ease of tobacco by 
mpetus to the development of the filter- 
field. The pox 
which had 
lied by Weigert 


virus of mosaic 


Iwanowski gave 
virus so-called 

previously 
Loeffler 
ellfer, were thought to be protozoa up 
time. In 1892 Guarnieri de- 


In 


been 


ales, 


and and 


yf... 


this 
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dengu vel 

Prowazek det 

trachoma bodies 11 

the ¢o1 Jul va I 

mann, and als l 
Sl n b dies in l 

found at birt! 

junctivitis neo ! 
veal 1908, Lar * 
succeeded in int 

virus of p n . 
that the virus Is ! 

was confirn 

Flexner and I is n 1911-12 P 
Rous demonstrated t 
of an agent causing s 

and these tumors 

attention since tha ! 
learn something r 

of human cancer and other 1 ry 
The work of Gye and Barnard 
wave a new stimulus tf 1 St 
these neoplasms as we S 
perimental tumors in animals. I! 
Flexner and Nogucl t 
tivation of the virus n 
though it now seems 

investigators did not su 
cultivating the true virus of this 
The same year Nog and ( 
scribed the cultivation of the n 


bodies described by Prowazek 
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choma. It now seems probable that this 
work was erroneous in so far as the 
actual cultivation of the trachoma 
bodies is concerned, since Noguchi him- 
self in 1927 described a Gram-negative 
bacillus, Bacillus granulosis, as the 
eause of this disease. Also, in 1913, da 
Rocha Lima claimed to have demon- 
strated the filtrability of the causative 
agent in verruga Peruviana, thought to 
represent a later phase of the disease 
described by Carrién and known as 
Oroya fever or Carrién’s disease, but 
subsequent events seem to have estab- 
lished the etiology of this disease as a 
Gram-negative bacillus, the Bartonella 
bacilliformis, described by Noguchi in 
1926-1927. It is worthy of special 
note, as the trend of events indicates, 
that Lipschiitz at this time prepared a 
review of the filterable virus field. As 
early as 1913 this author was able to list 
some forty-one diseases affecting man 
and animals in which the filterable 
nature of the causative agent was then 
thought to be established with more or 
less certainty. It is true, however, that 
some of the diseases included in Lip- 
schiitz’s review have since been shown to 
belong elsewhere. It is quite apparent 
as this subject developed that there was 
a tendency to place most diseases of 
unknown etiology in this group. It has 
been a very convenient waste-basket. 
Yellow fever is a notable example of 
this, for up until recent years there was 
no direct evidence that this disease is 
caused by a filterable agent and yet it 
was generally thought that when the 
true etiology of yellow fever became 
known it would be found to be a filter- 
able virus. But in 1918 Noguchi de- 
scribed the Leptospira icteroides as the 
causative agent in yellow fever and for 
nearly ten years this work was quite 
generally accepted as proven fact. 
Sellards, in 1927, questioned the réle of 
the Leptospira icteroides in yellow fever 
and demonstrated the identity of this 


organism with the Leptos; 
hemorrhagiae of Weil’s diseas 
followed the work of the y 
commission in Africa which 
lished the filtrability of th 
agent of yellow fever. 

We have made no mention of 
teriophage which was first d: 
Twort in 1915 and later studie: 
detail by d’Herelle. There 
tion of the filtrability of the 
ciple but there is still e¢ 
regarding the nature of this 
which d’Herelle believes to b: 
able virus. Further study will 


determine this question. 
In 1918 the world was the 
great pandemic of influenza 


ology of this disease ha 
obscure in previous epidemics. 
at the same time epidemies of e1 
tis lethargica began to appear ar 
of these cases were preceded by 
of influenza. Some _ investigat 
lieved that encephalitis is relat 
logically with the cause of inf! 
In 1919 Strauss and Loewe c! 
have demonstrated and cultivat: 
terable virus from cases of e] 
encephalitis, but their work has 1 
substantiated. In 1921 Levadit 
vier and Nicolau also described a 
able virus as the cause of the 
Subsequent investigations of ou 
and others indicate, however, t} 
Levaditi virus is closely related, 
identical, with known strains of 
virus. In 1920-22 Olitsky and ‘ 
described a filterable organism, 
tertum pneumosintes, as the caus 
agent in epidemic influenza, but 
work has not been adequately cont 
to establish it as the cause of the dis 
While some investigators hav 
haps leaned too much toward the 
able virus field in their zeal to dis 
the causes of many of these dis: 
there have, of course, been others jus 
insistent that known bacterial form: 











lved For exam- 
the influenza bacillus and the strep- 
have had their insistent adher- 

+s jn the ease of epidemic influenza 
both these organisms, the former 


lved in many instances. 


recently, have been discussed in 
nnection with epidemic encephalitis. 
ere has been so much debate, so much 
many without 
rtinent scientific evidence, that we 
ist continue to think of these two dis- 
eases and, for that matter, many others 
have been carelessly placed with 


ntroversy, so claims, 


virus diseases as members of that 
eroup of unknown 


More recently we have seen two other 
connected 


with the filterable 
us field, psittacosis 


diseases of cause. 


sSPaSeCS 
and multiple 
sclerosis, but experience has taught us 
for acceptable 


wait 
nfirmatory reports. 
No mention has been made thus far of 


conservatively 


nother group of diseases, the so-called 
rickettsia in connection with 
the filterable viruses. It is doubtful 
whether this group has any relation to 
the filterable viruses, and yet there have 
been several observations which indicate 
that some of the rickettsia may possibly 
be filterable in some stage of their devel- 
pment. On the basis of these observa- 
tions it seems that, for the present, we 
should at least make mention of this 
group of diseases in any discussion of 
Sellards and Siler, for 
rickettsia 
mosquitoes. On 


diseases, in 


the virus field. 
example, have 
bodies in dengue-fed 
the other hand is the original observa- 
tion of Ashburn and Craig, subsequently 
confirmed, that the etiological agent in 
fever is filterable. There are 
likewise the observations in connection 
with trench fever and tsutsugamushi 
disease, both of which have been etio- 
logically assigned a filterable agent, and 
yet rickettsia have also been described 
for both. The question arises—are 


described 


dengue 


some of the rickettsia filterable, and if 
so, Should such agents be included in the 
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40] 
group of filterable viruses? This ques- 
tion can not be answered at the 
time. For the present it seems best to 
consider the 
themselves. 


pre sent 


rickettsia in a group by 
If one were to attempt to make a list 
of the diseases caused by filterabl 
viruses and some 


after the name of each whether the 


indicate by symbol 
virus 
nature of the disease is definitely estab 
lished or not it would 
This is due chiefly to the great 


be very difficult 
differ- 
exist in the 


opinion which 


minds of investigators who have worked 


enees of 


experimentally or at the bedside wit! 
these diseases. The 


to prepare such a list but 


writer is tempted 
realizes that 
for probably 
but him 
however, that 


it would be useless to d » SO. 
no one would agree with him 
self. It 


a list of those diseases definite ly 


certain, 


is most 
proved 


beyond question to be caused by fi 
time, 


ter 


able agents would, at the 
However, in order to 


present 
be very limited. 
vive some idea of the possible scope of 
the field, the reader is referred to the 
general literature dealing with this 
subject. 

No diseussion of the virus fie] 
be complete without mention of the in 
tracellular inclusion bodies which havi 
found 
eases believed to be caused by filterabl 
viruses. The : 
bodies has already been referred to in 


associated with many dis 


been 
presence ol inclusion 
our definition. These inclusions ar 
found in the cytoplasm of certain cells 
in some diseases and in other di 
they are found in the nucleus 
diseases the inclusion bodies are found 
both in the cytoplasm of the cell and in 
the nucleus. On the basis of their loca- 


tion Lipschiitz offered a classification in 
1921. These peculiar bodies are found 
not only associated with some of the fil 


terable virus diseases of man but are 
also found associated with 
eases, thought or proven to be caused by 


filterable viruses, in other forms of life 


certain dis- 
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such as lower animals, fowls, fishes, in- 
sects and plants. The exact nature of 
these bodies is unknown. However, it 
has been demonstrated recently by 
Woodruff and Goodpasture that the in- 
clusion bodies of fowl-pox contain 
minute granules and fowls inoculated 
with the inclusion bodies have developed 
the disease. This would indicate, as has 
been suspected for some time, that the 
inclusion bodies may represent actual 
virus and their formation may be due to 
the reaction of the cell to the presence 
of the infecting agent in a protective 
mechanism designed to defend the cell 
from the invading virus. This theory is 
further supported by the recent produc- 
tion of inclusion bodies in cells in tissue 
culture by introducing virus material 
into the medium of these growing cells. 
On the basis of these observations it 
would seem logical to discount the 
theories that these bodies are the result 
of degenerative processes in tissue cells 


or that they are the result of leucocytic 
migration or fragmentation, as has been 


suggested by some investigators. Still 
we should not be too hurried in our 
decision regarding this matter, for, 
after all, only a selected few of the in- 
clusions have so far been carefully 
studied and they may not all represent 
the same phenomena. Suffice it to say 
for the present that inclusion bodies are 
consistently found associated with cer- 
tain of the virus diseases—so much so 
that they may, in most instances, be 
taken as evidence of virus infection. 
The exact nature of these bodies will 
have to be determined by future study. 
We have some hint as to what this may 
be, but further work will be necessary 
before many of the questions regarding 
the inclusion bodies and their relation to 
virus diseases can be answered. 

When one considers the many impor- 
tant diseases affecting mankind and 
many other forms of life which have 
been thought of as possible virus infec- 
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tions, one is amazed at the pos 
tent of this field of inves; 
Among the diseases affecting ma 
cerning which there is evide: 
filterable or ultramicroscopiec 
agent, are smallpox, varicella, x 
epidemic parotitis, epidemic en 
tis, yellow fever, poliomyelitis. 
fever, rabies, psittacosis, the 
eolds and influenza 
important diseases such as car 
multiple sclerosis have adherent 
believe that their inciting agent 
virus nature. Among the dis 
lower animals we have the vari 
of pox (cow-pox, sheep-pox, hor 
goat-pox, swine-pox), rabies, diste: 
encephalitis in horses (Borna di 
Nairobi disease of sheep, African 
sickness, catarrhal fever of she 
and-mouth disease, hog cholera, ri: 
pest, pleuropneumonia, influen 
others, all of which are thought 
present as probable virus inf 
Then there are fowl-pox and fow! 
theria, fowl-plague, the sarcomata 
fowls, leukaemia of fowls and 
there are the diseases of insects w 
include sacbrood disease of bees, 1 
diseases of the gipsy moth and 
European nun-moth, jaundice « 
worms, ete.; there are the epithelion 
fish, carp-pox and lymphocystie dis 
of fish; and finally in the plant kin 
we have that large group of mosa 
eases which include mosaic of to 
Sugar cane, tomato, potato, cucun 
lettuce, cabbage, mustard, tur 
spinach and many others. Among t 
rickettsia diseases of man we | 
typhus fever, trench fever, Rocky M 
tain spotted fever and possibly others 
As a subject the filterable vir 
offer tremendous opportunities for s 
entific study. A great deal of kn 
edge has accumulated during the past 
four decades, but as a field for investi- 
gation the filterable viruses seem on!) 


epidemic 


| i 
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ir infancy when one takes into ac- 
int the many important and funda- 
ntal questions which be 
nswered. We have given here only a 
rief glimpse of the terrain. Most of it 
s unexplored territory but it is a hope- 
| sign to see the extraordinary activity 
which has been focused on these prob- 
ms during the past several years. 
American university 
vision and foresight, established a de- 
partment for the study of this group of 
jiseases. Another has added a course 
n the filterable viruses to its curricu- 
m. No doubt further developments 
mg these lines will occur as awakened 


need to 


has, with 


(me 


interest and vision take the place of 
reticence. And the filterable viruses 
may offer a special field, just as the dis- 
eases of the various systems are special- 
ized to-day in our modern medical insti- 
tutions. The demands of progress and 


the needs for trained personnel may, of 


THE last session of Congress marked 
the successful termination of the long- 
continued effort to have established at 
the U. S. Bureau of Standards a na- 
tional hydraulic laboratory adequately 
equipped to permit of fundamental re- 
search in all branches of hydraulies, for 
the purpose of furthering our knowledge 
of the complicated processes of water- 
flow, for determining more accurately 
the numerical values of experimental 
constants involved in the formulas used 
in the design of hydraulic structures, 
and for making laboratory tests on small 
models of proposed dams, spillways, 


1 Publication approved by the Director of 
the Bureau of Standards of the U. 
ment of Commerce. 
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bring this about Pr gress 


slow and doubt will con- 


ho 


tinue to be slow until some of the funda 


This has been 


1 } 
r nec 
i 


true in the science of bacteriology 
(nearly two hundred years elapsed be- 
tween the invention of the microscope 


1 } 
the aisease 


first 
anthrax bacillus 


and the discovery 
producing germ, t! 
The cultivation of the 

artificial medium gave to 
imental 


first bacterium on 


the science of 


bacteriology a fund: working 
tool. Looking ahead in the field of the 
filterable 

for working tools, new ideas and 
ods of approach. <As_ these 
available fundamental progress will be 
of the mysteries now 


viruses our greatest need is 
+} 


mé 
become 


made and many 


surrounding the filterable and ultra 
microscopic agents will be solved. The 
diseases caused by these viruses will 
then be conquered by preventive and 


curative means. 






eanal locks, river control works and 
similar structures 

Such studies are not merely of aca- 
demic interest, but the results are e¢a- 
pable of immediate application to the 
design of the immense hydraulic proj- 
ects costing hundreds of millions of 
dollars which are now being undertaken 
by our federal government, by the states, 
by municipalities and by private inter- 
ests. We have already embarked upon 
the extension of our inland and coastal 
] 


le cost in excess 


the 


waterways, at a probab 
of $500,000.000. Flood 
Mississippi and other rivers will cost us 
many millions of dollars 
during the next decade. The immense 
Boulder Dam on the Colorado River is to 


control of 


hundreds of 
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be constructed at a cost of $165,000,000. 
Consideration is being given to the 
construction of the Nicaraguan Canal 
at a cost undoubtedly in 
$500,000,000. Immense sums are being 
expended every year on irrigation proj- 
ects, on hydroelectric plants and on 
water-supply projects. 

Obviously any means which will per- 
mit a saving of even a small percentage 
of the cost of these huge projects will 
mean the saving of millions of dollars. 
This can be done with the aid of the 
hydraulic laboratory. The investiga- 
tions conducted in its experimental 
flumes furnish more exact information 
to the designers of hydraulic structures 
and enable them to effect economy 
through the more accurate knowledge of 
the processes of flow with which they 
have to deal. Tests on models of pro- 
posed structures point out the most ef- 
fective design, give added assurance that 
the structures will function as planned 
and indicate how maintenance costs can 
be reduced. 

Of late years hydraulic engineers in 
this country have become more and more 
aware of these facts and are now send- 
ing their problems in rapidly increasing 
numbers to the few suitably equipped 
hydraulic laboratories in our engineer- 
ing colleges. At present the laboratories 
at the Worcester Polytechnic Institute 
and at the State University of Iowa are 
actively engaged to their full capacity 
with model tests of hydroelectric power 
projects and other problems relating to 
the flow of water over spillways and in 
open channels. The laboratories at the 
Carnegie Institute of Technology and 
the Massachusetts Institute of Technol- 
ogy also are rapidly becoming more ac- 
tive in this respect, and other college 
laboratories are undertaking this type of 
investigation. 

Nevertheless, in spite of the growing 
utilization of the hydraulic laboratories 
in the engineering colleges, many hy- 
draulic engineers have felt that there 


excess of 
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was great need for the establishn 
a national hydraulic laboratory 
operated by the central governn r 
is done in a number of European coy ms 
tries. tru 
John R. Freeman, the internat is § 
known hydraulic engineer, was first ; as Wi 
propose publicly a national hydra | 
laboratory, but Senator Joseph E. R 
dell, of Louisiana, had 
the same idea at an early date. As Hyd 
result of conferences with Mr. Fre: 
Senator Ransdell, in the Sixty-s 
Congress, 1921, introduced a resolu ill 
for the purpose of establishing such a ther 
laboratory. This failed to pass and ij nee! 
was not until May, 1930, that the } will 
to establish such a laboratory at the Na- stu 
tional Bureau of Standards finall; 
passed the Seventy-first Congress exa 
largely through the legislative efforts of will 
Senator Ransdell and his colleague, Co: Na’ 
gressman James O’Connor, of Louis , 
The bill received the support of nea: est 
the entire engineering profess 
Dozens of prominent engineers test rt 
in its favor at the hearings or \ th 
letters urging the passage of the 
About forty engineering societies and as sci 
sociations also supported it. In part ») 
lar, John R. Freeman gave lavishly o! su 
his time and money to focus public att nt 
tion upon the matter and used his in- vi 
fluence wherever possible to bring about a! 
the passage of the bill. Rarely has the k 
been such wide-spread interest in ; p 
piece of legislation of this nature. 
The bill was also supported by sev- v 
eral government departments which d s 
to a large extent with hydraulic pr é 
lems, in particular, the Bureau of R 
lamation and the Geological Survey 
of the Department of the Interior, ar 
the Bureau of Public Roads of the De- 
partment of Agriculture. Each of th: 
departments has hydraulic problems 
which are in urgent need of solution 
and which can be investigated in the new 
laboratory. In spite of its immense con- 
struction projects in connection with 


also col thelr 














igation works, the Bureau of Reclama- 
has never had a hydraulic labora- 

in which it could study the prob- 

' arising in the 
Its capable staff of engineers 
.s solved the problems confronting it 
as well as any other body of engineers 
world could have done without 

id of a laboratory, but we have 

eir own testimony that the National 
Hydraulic Laboratory will be a valuable 
{to them in their work. For example, 

n the design of the Boulder. Dam, which 
be the highest the 

ere are problems for which the engi- 
neers can find no precedent, and which 
will therefore require experimental 
study. A single mistake in the design 
such a structure, because of lack of 
exact information as to how the water 


design of its 


etures. 


dam in world. 


will flow, might easily cost more than the 
National Hydraulic Laboratory. 

The Bureau of Public Roads is inter- 
ested in obtaining more accurate in- 

rmation as to the flow of water in 
irrigation ditches and its measurement, 
the backwater caused by bridge piers 
and other obstructions in the 
scour about piers, ete. The Geological 
Survey is interested mainly in the mea- 
Its principal 


streams, 


surement of stream flow. 
need is more exact information as to the 
various types of measuring devices, such 
as weirs and dam sections of 
kinds, eurrent-meters, ete. It needs, in 
particular, current-meters in 
flowing water, in that moving 
water calibrations may be compared with 
still water calibrations to determine the 
effect of turbulence on their indications. 
The new laboratory will have three 
principal functions. First of all, it will 
be a place where fundamental research 
can be conducted with the advantages 
of continuity of effort and staff and with 
ample equipment. It will add to our 
general knowledge of water-flow phe- 
nomena by determining accurately flow 
coefficients, friction losses in various 
structures, the laws of the movement of 


various 


tests of 
order 
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gravel and silt in rivers and canals 
erosion below spliiways al d su il 
problems 

In the second place, its staff will make 
model studies of proposed hydraulic 
structures to determine the form which 


is most effective in producing the desired 


17 


results and which will be the chea 


pe ST 


to build and maintain 


The third fun tion of the laboratory 
will be to conduct routine tests on all 
kinds of hydraulic instruments, meters 
and accessories, such as water-meters, 


current-meters and Venturi meters 


The laboratory will probably be en 
gaged principally with special studies 
and general investigations for the gov- 
ernment departments, states and other 
political subdivisions, which now have no 
adequate hydraulic lab 
It will 

a 


college and commercial hvdraulie labora- 


ratory tacilities. 


not enter into competition with 


tories but will rather aim to encourage 


such laboratories in any way possible. 
This is in accord with the general policy 
of the National Bureau of Standards not 
to undertake tests or studies which can 


and 


ducted elsewhere. 


be adequately conveniently con 


The laboratory investigations which 


are required by hydroelectric compa- 


nies and manufacturers of hydraulic ma 
ehinery and which are being undertaken 
in increasing numbers every year should 
be, and undoubtedly will continue t 
conducted in the laboratories of the en 
gineering colleges or by the individual 
companies themselves. This does not 
mean, however, that private individuals 
or organizations will be precluded from 
the National Hydraulic 


Laboratory problems which other labo- 


bringing to 


ratories are not equipped to handle. 
The 

mately 

equipment such as pumps, supply tanks, 

The 

considered by an 

the 


laboratory is to cost approxi 


$350.000 including built-in 


concrete flumes, a standpipe, ete 
plans are now being 


advisory committee selected from 
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most prominent hydraulic engineers in 


the government departments and in civil 
life. It is impossible to predict at this 
early date what the exact form of the 
building and the nature of the equip- 
ment will be. However, in all probabil- 
ity there will be a very large concrete 
flume in which several hundred cubic 
feet of water per second can be circu- 
lated, a series of smaller glass-walled 
flumes of various widths from 1 foot up 
to 4 feet, a long shallow steel flume 
which can be tilted a few degrees from 
the horizontal, a cylindrical standpipe to 
furnish high large basins for 
volumetric measurement and weighing 
tanks for measuring very accurately 
flows up to about 10 feet per 
second. There will also be provided a 
large floor space free from fixed equip- 
ment and supporting columns for the 


heads, 


cubie 
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the model being tested, will t! 
to weighing or measuring tanks a 
be returned to the supply basin 
The flumes with plate glass sid 
clear view into the 
water so that complicated flow 
nomena can be studied visually a: 
tographically. Photography pla 
important role in the modern hyd 
laboratory, since in this way t 


furnish a 


phenomena which are often t 
the grasp can be r 
permanently. Of late the movi 
ture camera has come into gen 
for this purpose, particularly b 
the projector can be used to slow 
the phenomena until rapid fluctuat 
can be followed with the eye and 
stood. 

Every familiar 
astounding advances which have 


for 


eye to 


one is with 


made possible in aeronautics during t 
past quarter of a century throug! 
search in the wind tunnel, that is, i 
aerodynamic laboratory. We are 
entering upon a similar era of pri 
in hydraulic engineering in which 
search in the hydraulic laboratory 
lead us to a more intimate knowl 
of the laws of flowing water and 
most effective ways of applying them f 
the benefit of mankind. 


construction of models of dams, rivers 
and such structures as will require study 
from time to time. 

The water used in the tests will be 
circulated by means of pumps; that is, 
there will be large, low-lying concrete 
supply basins filled with water which 
will then be pumped to higher steel 
tanks arranged with overflow weirs to 
maintain constant head. From these 
tanks the water will flow by gravity to 
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quite recently, the scientific problems the | h bre t 
1 has shown little interest in the them into cont rather sely with t 
nee of photography as distinguished development phot science 
its practice. Even the references The scien phot Dp deals w 
tographie theory in general text- the physics and chet ry of ht-s 
s are brief and frequently mislead- tive substances and the 
ne. The introduction of sound into silver compound : n U rt 
n pictures, however, has brought photography. It touches at many point 
subject to the attention of a new the fundamental sciences from wl it 
n of the scientific public. That is derived. Its physics is a brat of 
roduction was brought about by phys- physical optics, and in emistry 1 
sts and engineers trained primarily comes in contact principally with phy 
the science of electricity, and when ical, colloid and organie ché miStry The 
+ ] 


started to apply the methods of 


und recording to motion pictures, they & ; 
very specialized; its experimental meth 


of course, faced with photographic 


ere 

| 

Being the ninth annual Sigma Xi address, 

lelivered December 30, 1930, on the occasion 

f the meeting of the American Association for 
Advancement of Science, Cleveland, Ohio. 
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MAN KODAK COMPANY, 


from those employed in other fields of 
scientific work. 
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ipparatus and methods used in phe 





rraphie research have, however, become 






ds are in many respects quite different 
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divisions: (1) the study of the light- 
sensitive substance itself and _ the 
changes which it undergoes in its trans- 
formation into an image; (2) the proper- 
ties of that image when obtained and 
their relation to the original distribution 
of light and shade by which the image 
was produced. 

1. The light-sensitive substance which 
photography, and 
‘emulsion,’’ is 


is used in modern 
which is known as the 
produced by precipitating silver bromide 
—usually containing some silver iodide 
—in the presence of gelatin, washing out 
all the water soluble substances present, 
and drying it down into a thin film 
coated on a support, which may be glass, 
cellulose base film, or paper. The light- 
sensitive layer thus consists of a sheet of 
gelatin which, in the case of materials 
used for making negatives, is about 40 
microns thick, and in which are im- 
bedded grains of silver bromide of an 
approximately triangular or hexagonal 
shape, varying in size from less than 1/2 
to 4 to 5 millimicrons in diameter. 
When these are affected by 
light, they undergo a change, as a result 
of which, when placed in a photographic 
developer, which is an alkaline solution 
of a weak reducing agent, the silver 
bromide of the grain is transformed into 


crystals 


micro-crystalline metallic silver. 

The study of these phenomena can be 
divided into four different sections: 

A. The nature of the change which the 
silver halide crystals undergo when they 
are affected by light. 

B. The nature of the product of that 
change; that is, the material produced 
which enables development to be effected. 

C. The physical chemistry of the de- 
velopment process itself. 

D. The relation of the size and sensi- 
tiveness of the different crystals to the 
effect produced after development; that 
is, to the curve showing the relation be- 


tween the exposure and the mass of 


silver produced. 
These four sections, dealing with the 
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phenomena of exposure and 
ment, comprise that part of th 
of photography which deals 
nature of the photographie proc 
2. Further, the science of pi 
deals with the nature of the fin 
produced and its relation to the 
image from which it was form 
also may be divided into section 
E. The relation between th 
ness of the various areas of tl! 
and that of the corresponding 
the original, which is known 
theory of tone reproduction.’’ 
F. The structure of the imag 
The sharpness which is obtain 
photographie image is of imp 
primarily in connection with the 
ing power of the photographic m 
Photographic show a < 
amount of graininess, and in con 
with their use as measuring instr 
small distortions occur, the natur 
extent of which have been stndied. 
G. The spectral sensitivity of t! 
terials, both natural and after treat 
with optical sensitizing dyes, occu; 


images 


important place in the science of } 
raphy. 

H. Finally, in order to apply | 
graphic materials in photometr) 
need a knowledge of the theory « 
reproduction, the characteristic 
the developing properties of the 1 
rial, and the spectral sensitivity ; in ! 
we must be in a position to appl) 
whole knowledge of the science of 
tography to the subject. 

In the early history of photogra) 
investigators were occupied chief) 


attempting to improve the proc 
themselves with a view to obtain 


photographic results of better qualit: 
taking photographs with a shorter tu 
of exposure. Whatever strictly scient 
investigation there was was concer! 
with theories of the action of light 

the part played by it in the producti 
of the image. Quantitative measu! 
ments of the photographic process w 
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, : :' 
made until more than thirty years other workers, but it has recently been 
photography had been established shown that the relat is only appr 
s a medium for the reproduction of mate and that there is a considerable 
izes, and modern photographie selence departure from tr propo rtionality 
ites primarily from the publication in with variations of exposure and develop 
1820 by Ferdinand Hurter and V. C. ment. A deposit transmitting approx 
Driffield of a paper entitled **Photo- mately one tenth of the incident light 
emical Investigations,’’ in which they that is. having a density of 1. contains 
studied systematically the relation be- about 1/10 me of silver per square 
tween exposure and development and ¢entimeter of the film 
he deposit of silver produced in the Basing their studies on their defir 
photographie process. tion of density, Hurter and Driffield 
They first defined the photographic exposed photograp! ic plates for definit 
lensity, D, as being the logarithm of the times to a standard candle bv means of 


acity, which was defined as the inverse 
the transparency. Thus, if 
ght of intensity J incident upon a pho- 
graphic deposit, and J’ is transmitted, 


‘ 


we have a 


T (the transparency) =1’/TI, 
O (the opacity a fa’ A 
and 
D= density = logarithm of I /I’ or -log I’/I. 
Hurter and Driffield showed experi- 


mentally that the density D of a given 
silver deposit is proportional to the mass 
of silver per unit area contained in the 


deposit. This result was confirmed by 


a rotating wheel having cut-out sectors 
The plates were developed, fixed, washed 
dried, and the densities plotted on a 
chart with the logarithm of the exposur 
as absecissae and the densities as ord 
nates, as is shown in Fig. 2. This sl S 


what is known as the characteristic curve 


of an emulsion. There are three fairl; 
well-defined regions of the curve. Thus, 
from A to B, we have the initial part, 
convex to the } E axis, which may be 
termed thi ion of under-exposure’’ 


known as the ‘‘region 


between B {Be C, 
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of correct exposure’’ (the increase of 
density is practically constant for each 
increase of exposure, being arithmetical 
for each geometric increase of ex- 
posure) ; and in the third region, from 
C to D, this arithmetical increase fails, 
until the density becomes constant; this 
is the ‘‘region of over-exposure.’’ By 
prolongation of the straight-line portion 
of the curve, the log E axis is cut at a 
point which Hurter and Driffield termed 
the ‘‘inertia,’’ which, when divided into 
a factor, gives the ‘‘speed’’ of the plate. 

Hurter and Driffield studied the effect 
of the duration of development upon 
this characteristic curve and found that 
within certain limits the curve rotates 
around the inertia point, the effect of 
development being measured as an in- 
crease in the slope of the straight line 
portion, which they termed the ‘‘de- 
velopment factor,’’ and to which they 
assigned the Greek letter y. The in- 


crease of y with time of development is 


exponential, a limit being reached with 
prolonged development, which is gen- 
erally known as gamma infinity (Yo). 
Photographic materials therefore may 
be classified by the values which they 
give for the imertia, a measure of the 
insensitiveness of the material, and of 
yoo, which is a measure of the limiting 
contrast which can be obtained, while 
the reproduction of tone values may be 
expressed as the shape of Hurter and 
Driffield’s characteristic curve. Hurter 
and Driffield thus established photo- 
graphic science on a firm quantitative 
basis, which the work of many other 
investigators has expanded and modi- 
fied in details without affecting the 
foundation which they laid down. 

Like all photographic investigators, 
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they had done in measuring 
titative relations of the 
the course of time it 
that the nature of the action 
upon the photographie materia 
the product of that 
by a study of the in 


image. 
has becor 


action 1 
sought 
grains rather than by the meas 
of the total density. 

The study of the action of 
the individual erystal grains 
menced by Svedberg in Upsala 
Svedberg spread out the emuls 
very thin layer so that he could 
the number of grains occurring it 
area and classified these 
their size. Another portion of the 
was then exposed and developed a: 
silver removed by means of a silver 
vent, and the grains of silver br 
which had not been developed 
moved were then counted. In tl! 
Svedberg established the fact that 
likelihood of a grain becoming ex; 
followed the laws of probability 
that the larger grains were more | 
to become exposed than the sn 
grains. This work was followed 
England by the staff of the Brit 
Photographic Research Association 
in our laboratory by 8. E. Shepp 
A. P. H. Trivelli, E. P. Wightman, a: 
others, and the sensitiveness relations 
the individual grains of photograp! 
emulsions were soon worked out. As 
explanation of the facts found, Sved| 
suggested that the sensitivity is conc 
trated in certain specks on the surfac: 
the grains, and Clark and Toy of t 
British Research Association consider 
that these specks must be composed 
some material alien to silver bromid 
The nature of the specks has been elu 


acct rd 


dated as a result of the work by She; 
pard on gelatin. Sheppard and Punnet 
had found that in gelatin there is pres- 
ent some material which, when added * 
an emulsion during manufacture, wou 
enhance the sensitivity, and this materi 
was found to be dissolved out during t 


Hurter and Driffield were interested in 
the reaction which silver halide under- 
goes when exposed to light and in the 
nature of the product of that reaction, 
on which development is based. They 
thought that information as to this 
could be obtained from the work which 
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id wash which follows the liming of 
raw materials used in the manufac- 
ture of photographie gelatin. Sheppard 
neentrated the material from the acid 
wash liquors and after a great deal of 
rk identified it as allyl mustard oil. 
He showed that this, after being trans- 
rmed into allyl thiocarbamide, reacts 
with silver bromide and forms a crystal- 
ne addition product which breaks down 
give silver sulfide. The special sen- 
sitiveness of the silver bromide crystals 
eeurring in high speed emulsions can 
therefore be ascribed to the presence on 
their surface of ultra-microscopic specks 
silver sulfide. This suggestion, ad- 
vanced in 1925, has met successfully the 
criticism directed against it and the 
theory is now generally accepted. 
Throughout the history of photog- 
raphy there has been much controversy 
as to the nature of the material produced 
from light-sensitive materials by expos- 
re to light which permits their subse- 
quent development. The exposed ma- 
terial is generally said to contain a 
‘latent image,’’ and there has been much 
speculation as to the nature of this latent 
image. Some thirty years ago there were 
two rival theories on this subject, one 


° 20 40 60 
INCREASE OF y WITH 


school holding that the latent image con- 
sisted of 
other that it consisted of 
There 
such as that the latent image represented 
merely a physical strain of some kind in 
the silver halide and not a definite chem- 
ical compound. At 
however, almost all photographic 
ers are agreed that 
composed of 
development acts as a nucleus for the 
deposition of further silver produced by 
the reduction of the silver halide by the 
developer. 
of exposure therefore has to account for 
the reduction 
sulfide or both to metallic silver at the 
points on a silver halide crystal where 
specks of silver sulfide occur. <A 
ber of hypotheses have been offered 
elucidate this mechanism, among which 
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the 


metallie silver. 


— | e ¢ 
silver and 


a sub-halide of 


were various other suggestions, 


the present time, 
work- 
the latent image is 


metallic silver, which in 


A theory of the mechanism 


of silver halide or silver 


num- 


to 


should be mentioned the concentration 
speck theory of Sheppard, Trivelli and 
Wightman, according to which the en- 
ergy falling on the whole erystal is con- 
centrated at a boundary between the sil- 
ver sulfide specks and the silver bromide 


and there effects liberation of metallic 


bromine atoms 


silver by the release of 
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Recently Toy and Trivelli have called 
attention to the importance of the photo- 
conductivity effect; that is, the increase 
of the conductivity of silver halide when 
exposed to light, which, linked with the 
production of photopotential under the 
influence of light, may possibly develop 
a complete mechanism for the exposure 
of the photographic material. 

The photoelectric phenomena associ- 
ated with exposure are also being studied 
by the use of layers of silver halide on 
silver plates free from gelatin. These 
when exposed to light produce a potential 
first in one direction and then in the op- 
posite, the explanation offered being that 
the first potential corresponds to the re- 
lease of electrons from the silver bromide 
which reach the silver plate and charge 
it negatively, these being followed by the 
slower moving bromine atoms which are 
positively charged. 

Turning from exposure to develop- 
ment, the idea that the latent image acts 
as a nucleus for development has for 


many years been accepted as the basis 


for theories of photographie develop- 
ment, and the development reaction itself 


can be dealt with as a problem in chem- 
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K.,Fe(C,0,), + K:C.0, 4 
AgBr = K,Fe(C.0, 

If the developed image is t 
a solution of potassium ferri 
potassium bromide, the silver | 
reformed and this is therefor 
reversible reaction. 

When we deal with organi 
compounds, the development 
complicated be 
reduce s 


very much 
compounds will not 
mide when alone in solution 

oxidation products react with 

the 
Thus, in one of the simplest 

oxidation product of hyd: 
quinone, even wit 
which must be present in order t 
hydroquinone to develop at all, 
the usual developer, containing | 
kali and sulfite, the reactions 
complicated, the hydroquinon 
eventually removed from act 
its transformation into 
sulfonates. In the case of the ot 
veloping agents—pyrogallol, p 


necessary components of 


will react 


hydr 


phenol, and its substituted deriv 
the chemistry of the reaction 
end products are not known at 


ical dynamics, it being treated as a 
heterogeneous reaction involving the so- 
lution, reduction and deposition of the 
solid silver bromide by the developer. 

The chemical reactions which the de- 
veloper itself undergoes are very com- 
plicated in the case of the organic de- 
velopers. A very simple development 
reaction is that which occurs with the 
ferrous oxalate developer, and this may 
perhaps be taken as the prototype 
for photographie development. Ferrous 
oxalate, which is insoluble in water, dis- 
solves in potassium oxalate to form a red 
solution of potassium ferro-oxalate. This 
reacts with silver bromide, reducing it 
to metallic silver, and produces potas- 
sium ferri-oxalate and potassium bro- 
mide. The reaction can be represented 
by the following equation: 


The velocity of development is 
followed in photographie work a 
crease of the H and D developm 
tor y; that is, the slope of the str 
line portion of the characteristi 
This increases rapidly at first a1 
more slowly until it reaches 
which is known as ‘‘yo’’ corresp 
of course to a limit of density wh 
be developed for a single exposure 
The relation between y and time o! 
velopment is an exponential on 
can be represented approximate! 
the usual equation of the first ord 
that the progress of development c: 
stated in terms of two factors: 


y 30 ( 1 —€ kt) 
yoo the limit to which development ca: 
earried, and K, the velocity constant 
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FIG, 4. 


levelopment. Thus with the practical 
developers used, this simple equation 
does not hold perfectly and various 
loser approximations are employed to 
the facts with the organic 
leveloping agents. 
Turning to the study of the final 
produced as a representation of 
natural objects, when a photograph of 
a natural object is made, the form can 
be represented only by differences in 
The accuracy with which 
the form is represented depends upon 
the precision with which the tones of 
the original subject are reproduced, and 
this subject, generally known as ‘‘the 
theory of tone reproduction,’’ is funda- 
mental to every photographie applica- 
tion. Psychologically, it is the apparent 
brightness which is of importance, but 


represent 


brightness. 











CYCLE OF TONE REPRODUCTION. 


this can conveniently be treated as tl 
physical brightness modified and int 

preted by the eye and brain, and sin 

it can be shown that throughout a wid 
range the apparent brightness is propor 
tional to the physical brightness, 
photography for 


it 1s 


usually sufficient in 
tone reproduction to deal with the phys 
ical tones in the original and thx 
duction. 

The cycle involved in tone repro 
tion is illustrated in Fig. 4. h 
right top object, in 
form of a cross, is supposed to be illu- 


corner, the 


minated by sunlight and is viewed by 


an eye the image in which is conveyed 


to the brain and there produces a sub- 


jective impression corresponding to the 
An image 


objective image on the retina. 
of the object is projected by means of 
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FIG. 5. CHARACTERISTIC CURVE OF 


a lens on to the sensitive material which, 
after chemical treatment, gives a silver 
image (a negative), corresponding to 
the various degrees of brightness in the 
original object. This negative is then 
printed upon the positive material, 
which, after similar treatment, gives a 
positive which is viewed usually at a 
brightness level different from that by 
which the original object was viewed 
and produces again a subjective im- 
pression. The whole cycle of tone re- 
production is expressed by the relation 
of the subjective impression produced by 
the positive print to the subjective im- 
pression produced by the original ob- 
ject, but in practice it is sufficient to 
compare the objective print with the 
objective original. 

The brightness differences which occur 
in nature may be due to differences in 
either the reflecting power of the various 
portions of the subject or the illumina- 
tion. Since in natural scenes both the 
reflecting power and the illumination 
vary—some parts of a landscape con- 
sisting of clouds in sunlight and others 
of dark rocks in the shade—the range 
of contrast is often very considerable. 
For photographie purposes a scale or 
contrast of 1 to 4, in which the brightest 
thing is only four times as bright as the 


6s 
LOS EXPOSURE 


id a za 24 %o 


A PHOTOGRAPHIC PRINTING PAI 


darkest, is very low, and such a 
would be ealled flat; a contrast 

10 is a medium soft contrast; 1 to 2 
strong contrast; 1 to 40, very st: 
and 1 to 100 an extreme degree 
trast. All these degrees of contrast 
instance, occur in landscapes, str 
seashore scenes. (See pages 418 
420.) 

When an image of a natural ol 
produced in a camera, the relative br 
nesses of the various tones will not | 
same as those which were obsery 
the eye because the light in tra 
from the object to the sensitive mat 
in the camera will have suffered a 
tain degree of scattering whic! 
affect the distribution of bright: 
among the various tones of the 
There may be some scattering in t 
and there will certainly be a good 
of diffuse light produced by th: 
system. This will tend to lower th 
trast in the image as compared with 1 
of the original. 

In the making of the negative, 
reproduction of tone will depend 
the characteristic curve of the ph 
graphic material, as shown in Fig 
If the exposure is so arranged that 
the tones of the original subject fal! 


the straight line portion of this cur 

















nverse reproduction in the negative 

‘]] be proportional, and if, in addition 
this, development is so arranged that 
vative has a y, that is, slope of the 
sight line, of unity, then the repro- 
tion will be correct. In the print 
lso, it 1s that y should be 
y, or, if the y of the printing mate- 

| is not unity, it is necessary that the 


necessary 


. the negative should be modified 
suitably, so that yng X Ypos. = 7. 

The last step in the making of a photo- 

raph is the printing of the negative, 

i where the print is to be viewed by 
flected light it is this step which intro- 

luces the largest amount of distortion 
the reproduction of the tones. As 
is seen in Fig. 6 the straight line portion 

f a paper curve is usually short, and it 
is necessary in printing, moreover, to 
utilize at least the under-exposure por- 
tion of the paper curve. In making a 
paper print, therefore, the tone values 
are always distorted to some extent, es- 
pecially those in the highlights corre- 
sponding to the under-exposure portion 

f the paper curve, only the portion of 
the picture falling on the straight line 
portion of the characteristic curve of the 
paper being correctly rendered. 

The computation of the tone repro- 
duction in any photographie operation 
is of great importance, especially in the 
applications of photography, such as 
processes of color photography or the 
reproduction of sound. This computa- 
tion can be performed by means of 
graphic diagrams incorporating the 
characteristic curves of the negative 
and positive materials, and it is possible 
therefore to follow the whole process of 
the reproduction of tone in photography 
from the brightnesses of the original ob- 
ject to the distribution of light and 
shade in the finished print. 

In scientific work the physical nature 
of the developed photographic image is 
often of considerable importance. As 
has been explained, the image is granu- 
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lar in structure, and its sharpness 


pends upon the structure both of t 
developed image and also of the sens 
tive emulsion The sharpness of the 


image may be expressed as the ** 
eradient at the edge.’’ 
Sharp knife edge be placed upon the 
emulsion and a collimated beam of light 


be allowed to fall normally upon 1 


emulsion surface. Then after develop 
ment the density at various distances 
from the edge may be measured with a 
microphotometer If the density b 


then plotted as a function of the dis 
tance into the geometric shadow of 
edge, the resultant curve may be termed 


sharpness 


the ‘‘sharpness curve,’’ the 


being the angle of the straight line p 
tion of this eurve. Two functions of the 
emulsion influence the 


form of this 


one is the spreading of light into 


curve : 
the emulsion, which depends upon th: 
reflection and refracti ) Cry stals 
of silver halide and on their absorption 
of the 


ean be 


} 


light: the amount of this spread 


ing computed This effect is 


known as the ‘‘turbidity’’ of the emul 
sion, and it is measured by the increase 
in the width of an image of a slit. The 


f such a sli 


width of 
| 
I 


T 1S 


increase of the 
proportional to the logarithm of the 
the constant of | 
the ‘‘astr 


turbidity 


exposure, and 
tionality, termed by 
gamma,’’ 
The other factor in sharpness is the de 
velopment factor; that is, the 
the characteristic curve, but the develop 


Ross 


is a measure of the 
slope 


ment factor at the edge of an image is 
not identical with that for a 


owing to the great variation in 


velopment reaction in such a case over 
very short distances Since the tur 
bidity and absorption of an emulsion 
vary with the wave-length, the sharp 
ness curve also varies with the wave 
length. 


Since the developed photographic im- 
age has a grain structure, it follows that 


under magnification any image must ap- 
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FIG. 6. SHARPNESS CURVE. 





pear broken up to an extent depending 
on the size and arrangement of the 
grains. There are three phases in the 
inhomogeneity of a photographie de- 
posit: (1) graininess due to the exis- 
tence of the individual particles of 
silver; (2) graininess due to clumping 
of these particles and (3) graininess due 
to the agglomeration of the clumps. It 
should be understood that these phases 
are not separated by any distinct line of 
demarcation but merge by impercept- 
ible gradations into each other. The 
impression of graininess is the result not 
only of the size of the grains of which 
the deposit is composed but also of their 
distribution and arrangement in group- 
ings of various kinds. 

The graininess may be measured and 
specified numerically, the method used 
depending upon the assumption that the 
graininess of a deposit is directly pro- 
portional to the distance at which the 
appearance of graininess becomes just 


imperceptible, provided that 
factors upon which depends 

of the eye to distinguish ho 
are constant. In order to avoid 
due to differences in the crite: 
distance at which the graini: 
measured disappears is compat 
the distance at which stru 
known periods disappear. ( 
screens are chosen as the fixed st: 
with which the graininess is ft 
pared, so that a given grainin 
be expressed by saying that it is 
lent to a screen of 3,000 lines t 

it being implied by this that a 3 
to the inch screen and the grair 
question would both just becom: 
at the same magnification. 

The resolving power of a phot 
material is a complex matter dep 
on the sharpness and on the grair 
and as would be expected, the res 
power is not a fixed constant for 
tographic material but is dep 
both on exposure and on developn 
range of resolving powers from 4 
being sometimes obtainable by n 
tion of development and exposur: 
affect all three factors: the pens 
of the light, the development fact 
the graininess, which enter into t 
termination of resolving power. 

The resolving power is best 
mined practically by photogra; 
narrow lines close together and ol 
ing the closeness of the lines whi 
just be resolved. Laboratory tests 
photographie resolving power, hov 
ean not be applied directly without 
rection to physical measurements 
laboratory tests the contrast bet 
light and shade in the detail is very ! 
and the optical system is arrang 
enable this high contrast to be obtai 
In astronomical work the contrasts 
fine detail are not nearly so great, 
very often the resolving power of 
optical system, including the at 
phere, is of the same order as that 
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LANDSCAPE PHOTOGRAPHED BY BLUE LIGH! 
bands and sensitizing power he in the with an exposure as short 
extreme red or even in the infra-red be second from very high levels 
vond the visible spectrum. Krypto- a satisfactory photograp! 
evanine, a (lve diseovered by Adams and the Andes range at a distai 
Haller, in 1919, enables photography to 300 miles, the penetration of 
be done without difficulty in the spectral — phere by light being proport 
region between 700 and 800mu, and fourth power of the war 
very interesting photographs have been — therefore very ereat for the 


made by its use In landscapes photo For the infra-red beyond 


graphed by light of this wave-length, which is of great Baie 


for instance, the blue sky appears almost scopists, neoeyvanine, a dye 
black, since very little radiation of this originally as a by-produc 
wave-length is seattered by the sky, and — thesis of kryptoeyvanine. 

the high reflecting power of chlorophyll valuable, its normal sp: 

in this region makes foliage appear ness extending to 900° m 
white These phenomena were pointed  hypersensitizing and the 
out by R. W. Wood more than twenty exposures, the infra-red In 
five vears ago W. H. Wright and at 1014 my may be photog 
others have used kryptocyvanine in their out difficulty Using this d 
studies of the surface of the planets, and has pushed the photograp! 
A. W. Stevens, while on an expedition spectrum to 1165 m 

for the National Geographic Society, has which has been ac! 


r) 


succeeded In making aerial photograp| S raphy of the spect! 
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120) THE SCLENTIF 


ence ot photography would De mplete 


Without some mention of the photo 
graphic methods of photometry 

These methods can be divided into two 
classes: l those depends nt on the in 
crease In size of an Image with Inecreas 
ing intensity or exposure time; (2 those 
dependent upon the increase of the den 
sity produced in an area of some size 
The first method is that used by astrono 
mers in what is known as the ‘‘foeal 
method of the photometry of stars,’’ the 
liameter of the star image being mea 
sured. 

When an 


eraphed in the laboratory with a series 


artificial star is photo 
of increasing exposures, it is found that 
the relation between the diameter of the 
image d and the exposure is of the form 
a+ blog E, 


- 


this formula applying with considerable 


for Images 


does not fit 


The value o 


ol 


sO) 
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determined o1 


known maenitudes 
being Interpolatec 


pl ( 
upon the diameter 


method of 


valuable in 
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MORE SPIDER HUNTERS 


ACCOUNTS OF ARACHNIDS WHICH ATTACK AN) 


VERTEBRATES OTHER THAN } 


By Dr. E 


| s | l ~ ~ ~ 
mone memmats bate Ha 
1ne | oT il 1 1 T ‘ i ? 
ULI I hay found mit 
dditional i unt | ! 
shes | e been set out paper 
cently published \ History 
1931, Vol. 31, No. I] and ne hereiy 
! collected addition: nd more volu 
minous data showine hoy spiders prey 
on all the vertebrates comprised in thre 


groups from amphibians to and inelud 


ing mammals. These accounts definitely 
establish the fact that spiders instead 
of feeding solely on insects, as they ar 
supposed to do, also devour and. as is 


the case of some spiders, even preter ver 


tebrates as food 
SPIDERS 


Wricn 


SAI 


AMPHIBIANS 


I re 


CATCH 


TADPOLES, AMANDERS, Y 


AND TOADS 


In the first of my articles, there was 
given a quotation from a note on the 
fishing spider in the Argentine from 


the well-known naturalist, Carlos Berg 
This article was also published in Span 


‘Una Arana 
in the Anales SOFC vedad REY. 


under the title 
dora’’ 


ish Pesca 


niifica 


Argentina Buenos Ayres, 1883, Vol 
lo, p. 245 This spider, Diapontia 
kochi a Lycosid builds a funnel 
shaped net in the water When tad 


poles enter the mouth of this, the spider 
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The bird had dashed into the web 
where possibly the spider had tried to 
further ensnare it The bird was e¢o1 
pletely exhausted by its struggles and 


unaided would never } ave escaped 


formation of a eal 


le, it may he note 


Chis 


“1, 1S 














just what has been deseribed in almost 
all accounts of birds caught in webs in 0 
which they struggle violently and twist 


the web into a cord. Moreover. this was 
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bird had been dead tw r tl lavs 
by T \ obser «| t} spide ~ } hie 
still SUCKING TS Wices \| 
way Turther states that his father had 
also previously witnessed anothet ke 
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Two men have by direct experiment 
long ago proved that spiders will atta 
birds Thus, as « nly as 1832. Capta ! 


India, ex 
Here 


result of 


Thomas Sutton at \irzapore, 
perime nted with a hugve Galeodes 
is his account, written as a 
MacLeay ’s article 
published in the Journal of the 


Vatwi Histo if 


citation above 


reading just noted 
This he 
Bom yay 
1842 (see 

A young 
placed under a bell glass with a fierce 


if } 
SOC if 1! 


halt vrrownh Sparrow was 


Galeodes The moment the Iluekless 
bird moved, the spider seized it bv the 


thigh Then it transferred its hold to 


the bird’s throat, and quickly killed it 
It did not, however, devour any part ot 
wit! 


seeming tt. he content 


other bird-eate} 


the bird, 
having killed it. Since 
ing spiders devour their prey, and sine 


t may be 


lizards, 


this genus also eats 
conjectured that at this time it was not 
hungry 
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HISTORICAL NOTES ON SALT AND SAL’ 
MANUFACTURE 


By Dr. L. G. M. BAAS-BECKING 


JACQUES LOEB LABORATORY, STANFORD UNIVE! 


“*Sauz und Brot gebet Gott’’—salt their beautiful ‘‘Diction 


and bread are gifts of the gods and et des métiers. 


belong to the most primitive economic archaic in almost 
goods known to mankind. The drinking historical harvest now: 
water, made more or less immortal as an meager. It is not fitting to \ 
economic good by von Béhm-Bawerk, the standardization of industry, { 
grains and cattle, pet objects of the his- be the same as denouncing ou 
torical economist, and salt may be con- _ istence in modern society. 
sidered to be material bases of human But when after Lavoisier t 
society. man began to employ the scient 
But while our knowledge of water, by helot, salt manufacture was 
continuous efforts of chemists and hy- forgotten. It remained forg 
gienists, has become increasingly deeper 1849, when for the first and t 
and fuller, while we have bred cattle and Usiglio evaporated sea water 
grains with scientific methods for quite near the Mediterranean 
a while, while we have studied their trolled conditions with 
fitness and their value as economic goods chemical means of his day. 
by eliminating disease, by selection and standing all the shortcomings 
by a study of their environment, our work it will always remain a cl 
knowledge of salt is scant. From it inspired van’t Hoff in his p! 
scores of laboratories information be- studies on the Stassfurt s: 
available on our agricultural gathered in two volumes in 19% 
products; our water supplies are con- the title ‘‘Zur Bildung der 
sidered the very hearts of our cities, but Salzablagerungen.’’ 
the manufacture of salt is still, with In the following paper I sl 
minor modifications, at the same stage emphasize the historical conser\ 
as it was at the time of the Emperor’ the salt industry and shali end 
Huang, about 2,500 years before the show that a great many methods 
Christian era. this industry are very old. Sp 
The technologist might get impatient phasis will be placed on the o1 
with this state of affairs—if he insists living in salt solutions of high « 
that there is a great opportunity here for trations, their influence on the it 
economic improvement he is doubtlessly and their antiquity. 
right—but to the student this stagnation I am painfully aware of the v 
in development has its great charms. complete account I have been com; 
In studying this archaic salt-making to patch together, and I sincere! 
process we meet often with things that that this paper may entice others t 
have been the property of mankind for tribute their information on 
thousands of years. We feel as the en- interesting topic. 
eyclopedists did when towards the au- The existing treatises on salt 
tumn of the eighteenth century they the whole, economic in nature and 
took stock of the French technology in not give the technological and bact 
434 
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FIG. 2. MANUFACTURE OF SEA SALT 


BY BOILING. DRAWING AFTER A FIGURE IN THE 
Pena-Tza0-Kan-Mv. 


According to Hoang and to the Peng- 
Tzao two methods were used to extract 
the salt from the sea water. 

1. In the province of Chi-Li ash from 
salt-plants is boiled in a kettle with sea 
water over a fire made of salt-weeds. 
The liquid is evaporated until an egg 
floats. Grains of the lotus, ‘‘che-lien,’’ 
are also used. Twenty-four hours of 
boiling is sufficient to ‘‘grain’’ the salt. 
(See Fig. 2.) 

2. In the province of Yai-cheau the 
following procedure is followed :* 


An embankment is made and ditches to draw 
clear sea water. It is left for a long time until 
the color becomes red. If the south wind blows 
with force during summer and autumn the salt 
may grain over night. If the south wind does 
not come all the profits are lost.? 


6 Literal translation by Mr. T. Hashimoto. 
t Compare this statement with Pliny, Book 31, 
Chapter 41: ‘‘North-easterly winds render the 





The few citations above suffice as a 
starting-point for our considerations, for 
they contain a great number of points of 
general interest. 


SHape or CrysTaL 


In the first place it is worth while to 
consider the pictograms used by the 
early Chinese.* On Fig. 4, a, the archaic 


formation of salt more abundant, but, while 
south winds prevail, it never increases,’’ and 
also an anonymous letter to the Philosophical 
(later Royal) Society at London, dated Sep- 
tember 20, 1669, and concerned with the solar 
salt process on the island of Rhé;‘‘ ’Tis ob- 
vious, that the hottest years make the most 
salt; where yet it is to be noted, that besides 
the heat of the sun, the Winds contribute much 
to it, in regard that less salt is made in Calme, 
than in Windy weather. The West-and North- 
west Winds are the best for this purpose.’’ 
Neither the recent papers of Tressler (see 
later) nor Peirce mention this factor (G. J. 
Peirce, ‘‘The Behavior of Certain Micro- 
organisma in Brine,’’ Carn. Inst. of Wash. 
Publ. 193, 1914). 

8 The following information was obtained 
from Mr. Ninomya. 
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FIG. 3. SODIUM CHLORIDE 
HOPPER-SHAPED CRYSTALS DRAWN AFTER A FIG- 
URE IN THE PENG-TzA0-KAN-MU. 
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Chinese ideogram for salt (lu) is given. 
This undoubtedly represents a schematic 
picture of the so-called hopper-shaped 
erystal of sodium chloride, so conspicu- 
ous in solar salt works® (Fig.3). Small 
coins in the shape of ‘‘salt-grains’’ were 
given to Mareo Polo in exchange for 
gold.*® 

The Greeks and Romans” paid only 
cursory attention to the shape of the 
salt crystals, but the Chinese, with their 
innate feeling for stylization, have in- 
corporated in their script what is prob- 
ably the earliest picture of a crystal 
(compare also Fig. 4,d). We find a 
good description of the hopper-shaped 
crystal of salt in a paper by Robert 
Plot :* ‘‘They (the erystals) were vis- 
ibly made up of a great number of 
small plates, shooting up from a quad- 
rangular oblong Base into a very obtuse 
Pyramid, hollowed within.’’ 

The original ideogram soon was con- 
ventionalized and elaborated (Fig. 4, b). 
The little flag on the top may represent 
the salt-shovel. The modern character 
(Fig. 4,¢c) means ‘‘Imperial subject 
boiling salt in a pan,’’ the person in the 
tail-coat being the imperial subject. 
This also refers to the fiscal aspect of 
salt manufacture. Until the recent up- 

®For a description of its formation, see 
Donald K. Tressler, ‘‘ Marine Products of Com- 
merce,’’ pp. 47-51, Chemical Catalog Co., New 
York, 1923. 

10 The relation between salt and money will 
not be dealt with in this paper; it should be 
mentioned, however, that the ‘‘Heller’’ is not 
the only coin named after salt. Our word 
‘‘salary’’ means salt-money. See, for these 
and similar aspects of the question, Victor 
Hehn, ‘‘ Das Salz,’’ Borntraeger, Berlin, 1891; 
Margarata Merores, Viertelj. Schr. F. Sozial u. 
Wirtschaftsgeschichte, 13: 71-107, 1916; J. O. 
von Buschman, ‘‘ Das Salz,’’ 2 volumes, Engel- 
mann, Leipzig, 1909. 

11 For instance, Pliny, Book 31, Chapter 39, 
‘feube-shaped grains of Cappadocean salt.’’ 

12 The contents of some letters from two 
Jearned and curious observers in Staffordshire, 
concerning the sand found in the brine of salt 
works of that country, Trans. Roy. Soc., 13: 
96, 1683. 
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FIG. 4. CHARACTERS DEPICTING SALT 


a, ARCHAIC CHINESE. bb, CHINESE, LATER. 
c, CHINESE, MODERN. 4d, CHINESE: ‘‘TO CRYS- 
TALLIZE.’’ e, OLD EGYPTIAN: ‘‘ MINERAL.’’ 
f, Otp EGypTiaAN: ‘‘NATRON’’hsmn. g, MIDDLE 
Krinepom: hmz.t. h, LATER: hmzy.t. i. Sv- 
MERIAN: mu-nu OR num. j, SUMERIAN: LAND 


OR EARTH. 
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heavals, China possessed a great hier- 
archy of salt-mandarins. Salt, being a 
necessity obtained in easily controlled 
areas, seemed the earliest fiscal prey.” 
Where the monopoly was confined to 
rock or desert salt, the dominating caste 
(such as the Egyptian priests) made 
active propaganda to discourage the pro- 
duction of sea-salt.** 

The old Egyptian pictogram for ‘‘min- 
eral’’ is given on Fig. 4, e.*® 


Sea Saut AND MINED SALT 


It will be noted that the Egyptian 
character for salt (Fig. 4, f) actually 
means ‘‘a specific mineral,’’ a thing that 
is already there, that can be harvested 
from the Ouadi Atrun.** The same pic- 
togram is affixed to the phonetic hiero- 
glyphs on Figs. 4, g and 4,h. The only 
other character that yielded valuable in- 
formation was the Sumerian mu-nu or 
mun, meaning salt (Figs. 4, i and 4, j). 
This character means ‘‘earth in a bowl’’ 
and points again to a terrestrial origin. 
Sea salt manufacture in the Mediter- 
ranean region seems to have originated 
with the Phoenicians. Ancus Martius 
(641-617? B. C.) is said to have founded 
the first Roman salterns near Ostia. The 
celebrated solar works at Setubal (the 
old Caetobriga) in Portugal are sup- 
posed to have been founded by Has- 
drubal (third century B. C.).”" 

18 See Merores, loc. cit., on the influence of 
the salt-tax on the economic rise of Venice; 
also v. Buschman, loc. cit., passim. 

14 According to Plutarch, the Egyptian 
priests claimed that sea-salt was filthy and 
unfit for consumption, They called it ‘‘Spume 
of Typhoon.’’ Think also of the French 
‘“gabelle’’ and its preparatory influence on 
the French Revolution—and Ghandi! 

15Information obtained from Dr. Baruch 
Weitzel and Dr. E. A. Speiser, University of 
Pennsylvania, in litteris. 

16 Herodotus, ‘‘salt of the earth,’’ i.e., the 
best salt from ‘aAuveak, salt marsh. L. B. B. 

17 Information obtained from His Excellency 
Sefior Jaquim Novais at Lisbon, through the 
mediation of the Hon. Samuel T. Lee, U. 8. 
Consul-General at Lisbon. 


The remains of the Cartagian salt 
works at Salammbé are well known. The 
salt works at the mouth of the Dnjepr 
were already known to Herodotus (fifth 
century B. C.), and Pliny mentions sea 
salt from various sources. The most fa- 
mous sea salt came from Citium on the 
island of Cyprus. This is the modern 
Lanarka or Scala. The salt works in 
this region, which are filled by seepage 
water through a narrow bar, are well 
described by Bellamy.** 

The introduction of salt works on the 
Adriatic coast is of a much later date, 
the oldest Venetian Lease dating from 
958 C. E.** 

An anonymous author” gives a de- 
scription of a solar-salt plant on the 
island of Rhé. Solar salt manufacture 
was introduced into the United States 
about 1830. 


Leacuine MEetTHop 


Chinese influence pervaded the entire 
Orient. Cox and Juan™ have given an 
excellent description of the primitive 
‘*leaching’’ methods and the evaporation 
method which are strongly reminiscent 
of the procedures mentioned in the Peng- 
Tzao. At the beginning of the Chris- 
tian era, in the Gallic provinces and in 
Germany, it was the practice to pour salt 
water upon burning wood.** This pro- 
cedure was also mentioned in a Frisian 
deed of 1258 (where burning peat was 
used instead of wood)* and still pre- 
vails in Transylvania and Moldavia. 
The salt-pit procedure mentioned in the 


18 ©..V. Bellamy, ‘‘A Description of the Sait 
Lake of Lanarca,’’ Quarterly Jour. Geol. Soc. 
London, 56: 745, 1900. 

19 Merores, loc. cit. 

20 Trans. Roy. Soc., 9: 1025, 1669. 

21‘*Salt Industry and Resources of the 
Philippine Islands,’’ Philippine Journal of 
Science, Sect. A, 375-401, 1915. 

22 Pliny, Book XXXI, Chapter 39, last part. 

23 **Quicumque foderit darigum [i.e., ‘‘darg’’ 
or low-moor-peat] unde ze] [read sel] per adus- 
tionem efficitur,’’ Oorkondenboek v. Holland, 
11: 1258. 
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oldest Chinese manuscript and used in 
ancient mines in Spain (Muria) and else- 
where formed the only way in which 
English salt was made in the seventeenth 
century. A great many historical data 
on these salt pits are available in the 
earlier issues of the Transactions. The 
Royal Society seemed interested in start- 
ing on a survey of economic resources 
and sent a questionnaire of seven ques- 
tions to various ‘‘briners’’ to ascertain 
the methods of salt manufacture and the 
quality of the product obtained, espe- 
cially as compared with the French salt. 
The results of this survey were a dozen 
papers which are of great interest as 
contemporaneous records. These papers 
form, in a way, the backbone for any 
historical study on salt. We will have 
occasion, therefore, to quote freely from 
them. 


Speciric GRAVITY 


Let us continue to consider the state- 
ments made by the early Chinese. There 
it is said that the density of the first 
leach product had to be sufficient to 
**float a hen’s egg’’ or to float a lotus 
seed. Thus we have a primitive aerom- 
eter which, after nearly five thousand 
years, is still used by every farmer who 
salts down pork! It was in use by the 
English briners in the seventeenth cen- 
tury. As I was unable to find in the 
literature the specific gravity of the egg, 
I determined the densities of a dozen 
fresh eggs and found them to lie between 
1.071 and 1.080, average 1.074. This 
would correspond to a brine of 10-11 
per cent., dependent, amongst other 
things of course, upon the depth to 
which the egg is submerged. Cox and 
Juan mention another primitive ‘‘aerom- 
eter’’ which is used by the Philippine 
briners : 


In Risal, Cavite and Bulacan provinces, it is 
a common practice to pluck twigs of the culase 
(Lumnitzera racemosa Willot), strip them of 
their leaves and throw them into the brine to 
test its strength. If they sink, the brine is not 


yet strong enough, but when they float, the 
brine is sufficiently concentrated to be trans- 
ferred to the crystallizing ponds. 


The density of the ‘‘culase’’ varies be- 
tween 1.070 and 1.096. The average was 
1.085, corresponding to 11.5 per cent. by 
weight of salt. 

An interesting precursor of our pyk- 
nometric method is the attempt of 
W. Jackson in 1669 to determine the 
strength of a brine from his pits at 
Nantwich in Cheshire.** 

He filled a bottle with 2 pounds of 
water, and then the same bottle ‘‘to the 
same mark’’ with brine. The increase 
in weight was 3 ounces 5 drams. The 
specific gravity of the brine was, accord- 
ingly, 1001.18/907.18 = 1.105. Assuming 
15° C., this would correspond to an NaCl 
concentration of 14.2 per cent. by weight, 
or assuming sea salt, 14.9 per cent. by 
weight (Usiglio). Jackson states that 
‘*this brine yielded a sixth part of salt 
by weight,’’ which would mean 16.7 per 
cent., but inasmuch as his salt was pre- 
sumably not dry, the determination 
seems to have been quite accurate. 
Quantitative data are very scarce in 
the older literature, the salinity being 
usually expressed as grains per wine 
quart. Pliny*®* makes an attempt to 
define a concentrated brine as follows: 


If more than one sextarius of salt is put into 
four sextarii of water, the liquefying power of 
the water will be overpowered and the salt will 
no longer melt. 


Remembering that the sextarius is a 
volumetric measure and taking the den- 
sity of NaCl as 2.174, Pliny’s statement 
means that less than 54.3 grams of salt 
are soluble in 100 grams of water. Of 
course it will be quite a bit less, because 
of the air spaces in his solid salt. There- 
fore we regard his value as very satis- 
factory when we compare it with the ac- 
tual value of the concentration limit at 


24 Trans. Roy. Soc., 1669. 
25 Book 30, Chapter 1: 34. 
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room temperature, 34.5 grams of salt per 
100 grams of water.** 


Rep WATER 


Returning to the Chinese manuscript, 
we find (in the description of the solar 
process) that the sea water is evaporated 
‘until the color becomes red.’’ It is in- 
teresting to cite, in this connection, D. K. 
Tressler :*" 


As the concentration of the brine approaches 
saturation, the brine worms and algae die and 
the solution becomes pinkish in color, because 
of the growth of certain red and pink bacteria. 
The salt maker takes this change of color as an 
indication that the brine is ready to be trans- 
ferred to the crystallization ponds. 


The occurrence of organisms in highly 
concentrated solutions always comes as a 
surprise to many, for the preservative 
action of salt was known to the an- 
cients.** Plutarch” states that véxves yap 
xompiwy éxBAnrérepx, but that salt adds 
*“*soul.’’ Because of this ancient belief, 
people did not look for organisms in 
salt. Even Sven Hedin*®® says of the 
salt marshes of Nor: ‘‘. . . the waters 
sterile as a chemical solution.’’ 

We know now that concentrated brines 
harbor a multitude of organisms, both 
animals and plants. Their numbers are 
great. In a recent enumeration that I 
made, there have been over 30 different 
species mentioned in the literature, most 
of which I have seen. This number is 
exclusive of bacteria, whose numbers are 
comparable to the bacteria inhabiting 
more usual environments. 

Although Dr. Tressler’s account inter- 
ests us primarily as another illustration 
of the archaic nature of the salt-making 
process, it requires amplification, pri- 

26 Pliny’s recipe for artificial sea water is no 
more than a guess (1 part NaCl; 13 parts of 
water by weight, actual value 1: 28). 

27**Marine Products of Commerce,’’ p. 44. 

28 Peng-Tzao-Kan-Mu, loc. cit. 


29 Symposion, 1.4.3. 
30 See below. 


marily because it is one of the few state- 
ments in regard to red water that is fun- 
damentally correct. 

The literature on the nature of red 
water, red snow and red rain is vast and 
its discussion would lie outside the scope 
of this paper. 

The recent appearance of papers on 
this subject** shows, however, that not 
all points in connection with these phe- 
nomena have been clarified by the older 
authors.** 

This is particularly the case in the so- 
called reddening of the brines about 
which many opinions have been recently 
expressed. 

The practical briner or industrial 
chemist will usually ascribe the color 
of the brine to iron hydroxide, although 
other mineral substances were also men- 
tioned to me as the possible cause. 

Teeple® claimed that the highly col- 
ored brine from Searles’ Lake, Cali- 
fornia, owes its hue to an extract of 
the creosote brush (Larrea mexicana). 
A similar conclusion was reached by 
Lunge,** who claimed that the color of 
the Ouadi Atrun brine does not filter 
out. It shows ‘‘nothing’’ under the 
microscope and is ‘‘organic substance 
in solution.”’ 


81 2.g., 8S. W. Martin and Th. C. Nelson, 
‘‘Swarming of Dinoflagellates in Delaware Bay, 
New Jersey,’’ Bot. Gaz., 88: 225, 1929. 

82 A few outstanding papers on the subject 
published in the early nineteenth century are: 
(1) M. Joly, ‘‘Historie d’un petit crustacé 
auquel on a faussement attribué la coloration en 
rouge des marais salants mediterranéens suivi 
de recherches sur la cause réelle de cette color- 
ation,’’ Ann. Sc. Nat., 2 Sér. Zool. XIII, 1840; 
(2) A. Morren and ©. Morren, ‘‘ Recherches 
sur la rubéfaction des eaux et leur oxygenation 
par les animalcules et les algues,’’ M. Hayez, 
Bruxelles, 1841; (3) E. Grube, ‘‘Ueber Blut- 
wasser, den Blutregen und den rothen Schnee,’’ 
Preussische Provinzial-Blittern, Kénigsberg, 
October 16, 1840. 

83 John E. J. Teeple, Ind. Eng. Chem., 13: 
249, 1921. 

84G. Lunge, ‘‘Acid and Alkali,’’ Vol. 11, 
p. 58, ed. B. 
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The red color of some African lakes 
was recently ascribed to the extract of 
red flamingo feathers !** 

It seems advisable, in this connection, 
to mention my own experiences* in rela- 
tion to the work of older authors and 
to segregate under various headings the 
causes, inorganic and organic, of the red 
or orange colored brines. 

1. The only inorganic cause, as far as 
I know, of red brine is iron oxide. It is 
often visible as an orange-red fringe on 
the floating masses of salt; it may cover 
sticks in the salterns to a certain degree. 
Its occurrence is never, as far as I have 
seen, pronounced. There must be pres- 
ent a fair amount of colloidal (or dis- 
solved?) iron in the brine pools, because 
of the large mass of hydrated ferrous 
sulphide, which invariably forms under- 
neath the brine (see below). This col- 
loidal iron, however, does not seem to 
influence the color to a large extent. 

la. Colors due to metallic sodium dis- 
solved in NaCl were not observed in nat- 
ural brines. 

2. Pink, red and purple bacteria seem 
to be the chief cause of red brines. It is 
well to define the groups more clearly, 
as much confusion may result from the 
term ‘‘red bacteria.’’ 

2a. Facultative anaerobes, sapro- 
phytes, non-spore formers; pigment 
formation independent of light. This 
is the group of the so-called ‘‘eodfish’’ 
bacteria, which appear in the brines 
when there is enough organic matter 
present. They have been known for a 
long time,*” but the recent literature is 
extensive,** on account of the economic 

85P. Walther, ‘‘Sodium Carbonate Minerals 
of the Mogadi Lakes, British East Africa,’’ 
Am. Mineral., 7: 86, 1922. 

86 The author of this paper might have been 
inspired by Darwin’s ‘‘ Journal of Researches’’ 
(see Collier’s 1910 edition, p. 82). 

87 Donald Monro, Trans. Royal Soc., 61: 567, 
1771. 

88 Compare H. Klebahn, ‘‘ Die Schadlinge des 


Klippfisches,’’ Mitt. a. d. Inst. f. all. Bot., 4: 
11, 1919, Hamburg. 


importance of these organisms and the 
other red saprophytes. 

2b. The red yeasts.** 

2c. Dark red colors are attributable to 
the purple bacteria, facultative sapro- 
phytes, unable to live without light 
under anaerobic conditions. They con- 
tain a green pigment which, upon de- 
composition, yields a brown, water-solu- 
ble product (Searles’ Lake!). The or- 
ganisms usually live close to a source 
of H.,S (usually the black mud) and 
often withstand high alkalinities. The 
red organisms in trona or soda (‘‘niter’’ 
of the ancients, compare Jeremiah 2: 22 
and Proverbs 25: 20) are almost always 
due to true purple bacteria. Pliny*® 
states that the salt from Memphis 
(Egypt) is deep red; that from Cen- 
turipa (Sicily), purple. At another 
place he states*® that the produce of the 
Egyptian niter beds is red. ‘‘The best 
‘nitrum’ comes from Lydia, the test of 
its genuineness being its extreme light- 
ness, its friability and its color, which 
should be almost a full purple.’’ We 
are satisfied that this substance repre- 
sents a mixture of sodium bicarbonate 
and sodium carbonate, for ‘‘it is a su- 
dorific, used in making bread, makes 
radishes tender and to vegetables it 
imparts additional greenness.’’ At an- 
other place Pliny mentions the fact 
that purple salt is used as a cosmetic 
and that the outside of the crystals is 
rapidly bleached by light. This is ex- 
actly what happened to crystals of 
NaCl (with adhering carbonates) from 
Searles’ Lake, California, which were 
inside still a dark purple, because of 
the presence of a large Thiospirillum! 
Innumerable desert lakes around the 
Mediterranean are called ‘‘Red Lake.’’ 
When those lakes are highly alkaline it 
is plausible to assume that their color 


89 Book 31, Chapter 41. 
40 Book 31, Chapter 46. The various kinds 
of nitrum. 
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is due to purple (sulphur) and pink 
(‘‘eodfish’’) bacteria. 

Mr. Hugh Todd in 1683** mentions 
what is probably an occurrence of purple 
bacteria. 


... Those that have boyled this brine (I had 
not time to try the experiment myself) say that 
it affords a great quanitity of bay salt, not so 
palatable, yet as useful as ordinary salt is. It 
tinges all the stones with a Red colour. 


2d. Plants, or rather chlorophyll-bear- 
ing organisms, may be the cause of these 
red waters. One hundred years ago, 
when the French Académie asked for an 
investigation of the reddening of the 
salt marshes near the Mediterranean, 
a controversy ensued between Payen,** 
who ascribed the color to a small crus- 
tacean (see below), and Joly,** who re- 
ferred it to the food of this crustacean, 
a small flagellate, already described by 
Dunal and also by d’Arcet in 1830. The 
orange color due to this organism is very 
characteristic. It was Teodoresco** who 
finally named the organism Duwnaliella 
salina. It is, like all salt organisms, 
cosmopolitan and may be obtained from 
California salines.** Hedin** must have 
seen it in the Kisil-Kul, ‘‘whose water 
both in color and consistency bore a 
striking resemblance to tomato soup.’”’ 

I was able to observe the form in 
salt obtained from Portugal, Roumania, 
Hungary, Brazil and Venezuela and 
various places in North America. 

We have good evidence to believe 
that it was known (of course not as 


41 An account of salt springs on the banks of 
the River Weare or Ware in the Bishoprich of 
Durham, Trans. Roy. Soc., 14: 726, 1683. 

42 A. Payen, Ann. chim et phys., 2nd ser., 65: 
156, 1837. 

43M. Joly, Ann. Sc. Nat., 2nd sér. zool, 13: 
1, 1840. 

44E. C. Teodoresco, ‘‘Organisation et De- 
veloppement du Dunaliella,’’ Beih. Bot. Cen- 
tralbl., 181: 215, 1905. 

45 G. J. Peirce, loc. cit. 

46S. Hedin, ‘‘Central Asia and Tibet,’’ 
Vol. 1, pp. 46, 530, Hunt and Brachett, London, 
1903. 


an organism!) to the ancients. Teo- 
doresco*’ states: 

un trait caractéristique pour le Dunaliella, 
e’est 1’odeur agréable de violette qu’il exhale; 
ce fait a été mentionné par la’ plupart des 
naturalistes, qui ont eu 1l’occasion d’observer 
cette algue; cette odeur ressemble beaucoup & 
celle des gozons de Trentepohlia aurea humectés 
et a, certainement, pour cause la présence de 
1’hématochrome. 


Dunaliella salina has a very striking 
orange pigment throughout the plastid, 
while the related D. viridis Teod., is 
green, except for the eyespot. Trente- 
pohlia aurea, a yellowish-red aerial alga, 
is called by the Tyrolese ‘‘ Veilchen- 
stein.”’ 

Recent work of Dr. J. Smith** seems to 
indicate that ionon*® may be formed by 
the oxidation of carotin. 

Now it is significant to note that 
Pliny®® mentions the Cappadocian salt 
to be ‘‘saffron-colored and remarkably 
odoriferous.’” This would probably 
mean the salt of either Lake Tatta 
(modern Tus-Chdélli) or of the lakes 
near the river Cannalas (modern La- 
mantia ). 

This statement by Pliny would be a 
clear indication of the presence of Dwna- 
liella if it were not for an observation 
made by Dr. C. B. v. Niel and myself; 
namely, that when an alkaline brine con- 
taining a small amount (.1 per cent.) of 
peptone is heated without the presence 
of any organism, it gives off an agree- 
able smell, not unlike tuberose (reaction 
on indole, however, was negative). This 
odor, of course, is different from an 
‘‘agréable odeur de violette’’; but, inas- 
much as Pliny is no more explicit in his 
descriptions, the point is not definitely 
proved. 

2e. While no definite records are 
known to me, it seems possible that 


47Loc. cit., page 229. 

48 Verbal communication. 

49 Active principle of the perfume of the 
violet. 

50 Book 31, Chapter 41. 
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blue-green algae which also in brackish 
lakes™ often assume bright orange colors 
(Aphanocapsa, ete.) may occasionally 
cause ‘‘red water’’ in brines. 


OTHER ORGANISMS IN THE BRINE 


Entz,®? Namyslowski™ and Florentin™ 
working in Hungary, Poland (Wiel- 
iszka) and Luriaine, respectively, have 
contributed most of our knowledge on 
the colorless protozoa inhabiting brines. 
These protozoa are also cosmopolitan, as 
I have been able to obtain good develop- 
ments of various forms described by the 
above-mentioned authors from Portu- 
guese, Venezuelan and Californian salt. 
It is, therefore, not surprising that we 
find an account in the Royal Society 
Transactions of 1682 by ‘‘T wo observing 
Gentlemen from Staffordshire’’ who, by 
means of Mr. van Leeuwenhoek’s micro- 
scope, observed in a brine from Nantwich 
**small organisms, actively moving and 
of a size about of the smallest salt 
erystal.’’ This probably refers to one 
of the numerous salt-protozoa, but prob- 
ably not a Dunaliella, the color of which 
they would have mentioned. 


PuRIFICATION OF SALT 


Sea-salt as such is hardly fit for con- 
sumption. It contains large amounts of 
the chloride and sulphate of magnesia. 
It contains salts of iron and calcium. 
It is highly hygroscopic. The English 
pit-salt also contains a large amount of 
calcium salts (the ‘‘sand’’ of the brin- 
ers). The salt obtained by the archaic 
Oriental process is a rather unpalatable 
product. During the evaporation large 

51 Observed by G. M. Smith, G. J. Peirce and 
the author in Pyramid Lake, Nevada, Novem- 
ber, 1926, 

52 Geza Entz, ‘‘Die Fauna der Kontinentalen 
Kochsalzwasser,’’ Math. u. Naturw. Ber. aus 
Ungarn, 19: 89, 1901. 

53 B. Namyslowski, ‘‘ Ueber halophile mikro- 
organismen,’’ Ac. Cracovie, 88, 1913. 

54 E. Florentin, ‘‘ Etudes sur la Faune des 
mares salées de Lorraine,’’ thése, Paris, 1899. 


amounts of sulphate are reduced by 
bacteria, anaerobic saprophytes, which 
form, in combination with the iron, the 
black mud which consists of clay par- 
ticles interspersed with a hydrated fer- 
rous sulphide (hydrotroilite). This sub- 
stance, obviously, should not be har- 
vested with the salt (purification by har- 
vesting).*° The precipitation of the cal- 
cium, chiefly as the sulphate, mostly 
precedes the precipitation of sodium 
chloride. The sulphate of calcium forms 
colloidal solutions ; these solutions are so 
stable that great oversaturation ensues 
and consequently a liquor high in cal- 
cium may enter the salterns from the 
pickle ponds. The brine, before it is 
allowed to crystallize, has to be cleared 
from the calcium sulphate (‘‘sand’’) 
purification by clarification. If no frac- 
tionate precipitation (which is compara- 
tively modern) is practiced, the final 
product contains nearly all the mag- 
nesium as chloride or sulphate. Because 
the magnesium salts are much more 
soluble than the sodium salts, a simple 
purification by leaching was (and is) 
practiced. 

A. Purification by harvesting. This 
process chiefly pertains to the black 
mud, which is present in every saline, 
whether natural or artificial. When it 
is exposed to the air it oxidizes, giving 
off hydrogen sulphide which may be de- 
tected by the smell. It is not improb- 
able that the old etymological relation 
between the word ‘‘salt’’ and ‘‘stench’’ 
in a great many languages (see Victor 
Hehn, loc. cit.) originated from the odor 
of the sulphide which always accom- 
panies the saline. Pliny gives a very 
drastic description of the smell of cer- 
tain salts, but it was not until the seven- 
teenth century that Martin Lister, pro- 
fessor at Oxford, in presenting his de- 

55 Sometimes an algal mat (Microcoleus sp?) 
is carefully tended to prevent the mixing of the 
brine and the black mud. This procedure is 


mentioned by von Buschman (loc. cit.) for 
salines in Italy, France and Portugal. 
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scription of English salterns to the Royal 
Society (1683) gave us some interesting 
observations pertaining to sulphate re- 
duction : 


At Northwich in Cheshire upon the Weever 
in 4 Pits is great plenty of brine; it stinks of 
sulphur apparently in all the pits; it becomes 
atramentous with galls. 

At Nantwich upon the same River is one very 
large brine-pit. This water also plainly smells 
as if it were corrupted, or like sulphur. 

Weston brine-pit near Stafford. This water 
in the pit stinks like rotten eggs. 

Droitwich. . .. The water of these pits stinks 
like rotten eggs, especially after Sunday’s rest 
[aeration! L. B. B.] and will, if flesh be 
pickled in them, make it stink in 12 hours. 


The ‘‘rotten eggs’’ is clearly a good 
reaction to H,S; the reaction to iron 
is given in the words ‘‘atramentous with 
galls.’’ Pliny” states repeatedly, in his 
‘‘Natural History,’’ the preparation of 
ink (atramentum), shoemakers’ black 
(atramentum sutorium), etc., by means 
of copper sulphate or iron salts plus 
gall nut extract. Lister apparently has 
used this reaction to look for ‘‘alum,”’ 
that vague classical mineral embracing 
nearly everything. He has given us, 
however, a good description of the sul- 
phate reduction, which had to wait till 
1894 when Beyerinck’s genius elucidated 
the chemism of the process." 

The soluble sulphides will do no great 
harm in a process where the brine is 
evaporated in kettles. But where the 
salt has to be harvested with flat shovels 
from over a surface of ‘‘slutch black as 
the scuttle-fish’’ the harvesting becomes 
a fine art. In the paper on the solar 
salt manufacture in France, mentioned 
above (1669), it is stated by the anony- 
mous author (p. 1027) : 

56 Book 34, Book 35, Chapter 25. 

57M. W. Beyerinck, ‘‘ Ueber Spirillum desul- 
furicans als Ursache von Sulfatreduktion,’’ 
Centralbl. fiir Bakt., 11, 1: 1-9, 49-59, 104-114, 
1895. Jackson (loc. cit., 1669) also mentions, 
in the description of the Cheshire pits: ‘‘... 
a blackish slutch mixt with sand, which infects 


the whole spring (like the seuttle-fish) black, 
when ’tis stirred.’’ 


As to the Whiteness of salt in particular, 
there are 3 things to be considered: First, that 
the earth of the Marish be proper. Secondly, 
that the salt be made with good store of water. 
Thirdly, that the salt-man, who draws it, be 
dextrous. In this Isle the Rhé there are that 
draw very dark salt, and others, that draw it as 
white as snow; and so it is in Xaintonge. 
Chiefly care is to be taken, that the Earth at 
the bottom of the Beds mingle not with the 
salt. 


Exactly the same procedure is fol- 
lowed in the salt harvest around San 
Francisco Bay. A good briner will 
harvest the largest amount of salt 
without disturbing the black mud. The 
rules of this game are indeed old! 

B. Purification by Clarification. To 
remove colloidal matter from the brine, 
Agricola® gives a recipe which seems to 
work but the mechanism of which is 
fairly obscure. In stating the procedure 
used at Halle, he says: 


From 37 dippers full of brine 2 cones of salt 
are made. To clarify, to 2 casks 2 dippers add 
1} cyathus of bullocks, or calf’s blood. Boil 
one hour, stir, boil one hour more. Then add 
1} cyathus of strong beer. 


Converting these measures we get that 
in Agricola’s time (1556) 1 part of blood 
was added to 1500 parts of brine to 
clarify. (The beer is probably used to 
hasten crystallization.) 

In the article of W. Jackson, commu- 
nicated to the Royal Society, 1669, we 
find that to 20 gallons of brine he added 
(at Nantwich) 2 quarts of blood. Of 
this mixture 2 quarts were sufficient to 
clarify 360 quarts of brine, which makes 
1 part of blood per 1800 parts brine. 
The procedure, therefore, remained the 
same for over a century! Later refer- 
ences are unknown to the author of this 
paper. The seventeenth century briners 
also used ‘‘strong ale’’ to ‘‘corn’’ the 
saturated brine. 


58 Georgius Agricola, ‘‘De Re Metallica,’’ 
Translated from the first edition, 1556, by 
H. C. and L. H. Hoover Published for the 
translators by the Mining Magazine, Salisbury 
House, London, 1912. See Book XII, passim. 

5® Jackson, loc. cit., 1669. 
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In 1756 M. Schlosser discovered in the 
brine pools of Lymington, England, a 
phyllopod crustacean which he described 
in an obscure, and to me inaccessible 
place.*° Linné described the animal in 
his ‘‘Systema,“ as Cancer salinus: 
‘*habitat in Angliae salinis Limingtoni- 
anis D. Schlosserus.”’ 

It has been reported from various 
places since. Pallas found it in Euro- 
pean and Asiatic Russia, d’Arcet in 
Egypt and Tunis, Joly in France. We 
know now that the organism is perfectly 
cosmopolitan. 


ARTEMIA SALINA 


It is of common occurrence in every 
salt lake in which the salt concentration 
may become lower than about 4 per cent. 
by weight. 

It is very improbable that this organ- 
ism should have remained unknown so 
long. Our very imperfect knowledge of 
the literature and the unavailability of 
the chronicles of Arabian travelers, espe- 
cially, may be the cause of this hiatus. 

It is true that neither Greeks nor 
Romans mention the animal. It is used 
as food by many Arab tribes, probably 
since time immemorial. There is a lake 
in Fezzan called ‘‘Worm Lake.’’ Be- 
yond this I have been unable to obtain 
any information, but there is indirect 
evidence to show that the knowledge of 
this organism is old. It is well known to 
the briners, and the knowledge of the 
briners is archaic knowledge. 

A few years ago the foreman of a 
near-by salt works came to our laboratory 
to ask for a few Artemiae. When asked 
for what purpose he wanted them, he 
declared that he could not make salt 
without the ‘‘brine-worms.’’ As at that 
time we could not accommodate him, he 
planned to send to Great Salt Lake in 

60 ‘Observations Periodiques sur la Physique 
(de Gautier), 1756. 


61 ©. v. Linné, ‘‘Systema Naturalis,’’ p. 634, 
1758. 


order to get the desired organisms. At 
that time we thought the man foolishly 
superstitious, little realizing that these 
organisms were used by the old English 
briner® and called by them ‘‘clearer- 
worms.’’ 

Anselme Payen and Audoin in 1836 
performed a few experiments which 
are very significant in this connection. 
While remarking upon the passive 
method of feeding of this crustacean 
(**Strudler’’ of the German zoologists), 
they tried to see what the organisms 
would do with fine suspensions of cal- 
cium carbonate (p. 223): 


Voulant alors essayer si 1’on parviendrait & 
remplir leur tube digestif & l’aide d’un corps 
solide tres divisé, on mit plusieurs des petits 
Branchipes (Artemia) dans le méme mélange 
non-filtré. 


As a result, the Artemia clarified the 
water completely. Hence the name 
*‘clearer-worm.’’ I have repeated this 
experiment with fine and rather stable 
suspensions of barium sulphate, calcium 
carbonate and calcium sulphate with the 
same result: the liquid which passes 
through their digestive tract is freed 
from its particles, which coagulate in 
small pellets. Five artemiae cleared a 
milky white suspension of barium sul- 
phate (100 ec) in 24 hours while the 
controls remained unchanged. The pel- 
lets on the bottom of the jar contained 
the precipitated matter. 

Van’t Hoff** remarks that it is almost 
impossible to precipitate calcium sul- 
phate from sea water at the concentra- 
tion where it is due to precipitate. It 
may therefore very well be that Artemia 
salina by its incessant action has made 
salt manufacture possible. 

C. Purification by Leaching. In the 

62 See Th. Rachett, Trans. Soc. Linn., 11: 205, 
1815. 

63 Payen and Audoin, Ann. de Sc. Nat., 6 (2 
B ser.): 219. 

64‘‘Zur Bildung der Ozeanischen Sallzabla- 
gerungen,’’ Jena, 1909. 
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Venetian (tenth century) salt works, the 
‘‘ceiuca’’ or ‘‘tumba,’’ the salt pile was 
left a long time to leach in the rains. 
This improved the quality of the salt. 
The same practice is still followed in a 
great many recent plants, but the fact 
is already mentioned by Pliny!** The 
salt loses a large amount of magnesium 
compounds, its hygroscopicity is reduced 
and part of its bitter taste disappears. 

This procedure was also used in the 
seventeenth century in the French salt- 
erns. 


65 Book 31, Chapter 40. 





CONCLUSION 


Salt is still made in a way reminiscent 
of antiquity. The sea water, at many 
places, still drawn up by means of 
Archimedean screws, evaporates. The 
‘‘clearer worm’’ does its work. Then 
we wait for ‘‘red water’’ and pump into 
the saltern from this pickle pond. When 
the ‘‘hoppers’’ ‘‘corn,’’ the liquor goes 
to the bitterns. Then in the saltern it is 
harvested, and the salt is scooped up 
carefully from over a layer ‘‘ black as the 
seuttle-fish.’’ The piles are set to leach 
and to bleach. 
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THE EVOLUTION OF THE CREATIVE 
IMAGINATION 


By Dr. PAUL CHATHAM SQUIRES 
CLINTON, NEW YORK 


FrieprRicH NIETZscHE, in his ‘‘ Birth 
of Tragedy,’’ has written: ‘‘He who 
destroys illusion within himself and in 
others is punished by that most severe 
of tyrants, nature,’’ for ‘‘it is part of 
the essence of action to be veiled in 
illusion.’’ 

In this striking passage the philoso- 
pher Nietzsche has expressed in poetic 
form a leitmotif of psychology. It is 
through the powers of imagination, of 
‘‘illusion,’’ that man has risen to con- 
quer and reconstruct the world in 
which he lives. 

The problem of imagination, then, is 
central for the understanding of mind 
at large. And since the operations of 
imagination are inextricably woven into 
the patterns of our daily existence, the 
layman may well pause to consider cer- 
tain of them. 

There is a scientific truism to the 
effect that anything, be it an organism 
or a star, can be adequately understood 
only in terms of its evolutionary story. 
The human body, for example, has come 
to be what it is only after having passed 
through an indefinitely long racial past. 
The star, also, goes through a number of 
more or less well-defined stages, each 
stage consuming eons of time. In every 
instance, whether the object of investi- 
gation be animate or inanimate, the 
endeavor must be made to comprehend 
the object in the light of its history. 

And thus, when we come to ponder 
over the nature of imagination, the evo- 
lutionary point of view will be found 
absolutely indispensable. The begin- 
nings of imagination in the human 
being, the main stages of imaginal 
growth, abnormal manifestations and 
the culmination in the loftier regions of 
creative imagination—these are the 
questions that here present themselves. 
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II 


Through imagination we respond to 
things that are physically absent as 
though they were present. Through 
imagination man may free himself at 
will from the present moment and pro- 
ject himself into the future. 

Prometheus scaled the heights of 
Olympus and stole the fire from the 
gods, giving it to mortals. And as by 
the gift of fire in the olden days man 
was in part liberated from the arbitrary 
dominion of the Olympian deities, so 
has he been emancipated from the bond- 
age of the mere present by the gift of 
the imagination. 

When one contemplates the great 
works of the creative imagination it is 
quite natural to feel that they are too 
complex, too subtle, for any analysis. 
But these monuments of science, art, 
literature or whatever else have not 
come into being at one blow, miracu- 
lously. They have a history back of 
them, whose tangled strands we may 
aspire at times to trace. 

To begin with, by way of a prelimi- 
nary and very general reply to this 
question of origins, a famous maxim of 
psychology may be paraphrased to run 
as follows: There is nothing in the im- 
agination that has not previously been 
in the senses. 

Take the case of a man born com- 
pletely blind. In neither the waking 
recollections nor the dreams of such a 
one can there be any visual experiences. 
His memories will be forever limited to 
the residues derived from prior contact 
with the outside world through the ave- 
nue of such sense organs as those medi- 
ating the sensations of sound, taste, 
smell, warmth, cold, muscular stresses 
and strains and a number of others 
which need not be mentioned. 
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But there will be no color, visual line 
or form in this man’s memories. He 
may learn all about color, about the 
physical laws and mathematical equa- 
tions of ether vibrations, but he will 
know not one bit more at the end than 
at the beginning of his studies concern- 
ing the visual universe as a directly 
given experience. 

You will no doubt make the comment 
that anybody knows this to be so. Yet, 
there was a time when certain philoso- 
phers taught the doctrine of ‘‘innate 
ideas,’’ that is to say, the doctrine that 
some of our ideas, at least, do not de- 
pend for their beginnings upon previous 
sense impressions, but are present in the 
individual at the time of his birth. Con- 
cerning such ready-made ideas modern 
psychology knows nothing. 

Persistence along a line of action, 
even though the stimulus initiating the 
action has subsequently been with- 
drawn, is a universal characteristic of 
organisms from highest to lowest. It is 
an expression of the omnipresent law of 


inertia. The microscopic one-celled 
Amoeba, standing at the foot of the evo- 
lutionary ladder, evidences well the 


operation of this law. 

The Amoeba is a cannibal upon occa- 
sion. Bring this animaleule into con- 
tact with a smaller one and the larger, 
if hungry, will try to ‘‘swallow’’ the 
latter. Provided the smaller eludes the 
first onslaught a lively pursuit fre- 
quently ensues. The larger Amoeba 
moves this way and that in a trial-and- 
error, but purposive, manner, striving 
to effect the capture of its prey. The 
chase may endure for a considerable 
time, notwithstanding that after the 
first collision the tiny organisms have 
not touched each other. 

We have just witnessed a clear and 
unequivocal instance of the after-effect 
of stimulation in an extremely simple 
type of life. Let us now pass without 
further ado to the top of the ladder and 
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observe an after-effect in a human sense 
organ. 

It is a matter of common knowledge 
that, after having looked at an electric 
light, the after-image of this light may 
persist for quite a while. Perform the 
following easy but most entertaining 
and instructive experiment. Have 
ready in a perfectly dark room an elec- 
tric lamp equipped with the ordinary 
opaque, rounded shade. Take some one 
into the room with you and instruct him 
to move his hand slowly and steadily 
back and forth. Directing the light 
upon the moving hand, flash it on and 
off for a dozen times or so, turning the 
light on for a couple of seconds and then 
cutting it off for three or four seconds. 
Keep your attention riveted on the 
hand. Finally, allow the light to re- 
main turned off. <A rather ‘“‘spooky’”’ 
thing will now be seen. To whatever 
part of the room your gaze may be di- 
rected, there, in the darkness, a ghostly 
hand is wafting to and fro. You are 
simply observing a version of what is 
called the positive after-image. 

This sort of experiment is valuable in 
a number of ways. The main thing to 
be gotten out of it at the present junc- 
ture, however, is that when we look 
about us for the beginnings of imagina- 
tion, we are at once forced to consider 
the more elementary inertial effects as 
they are to be found in a single sense 
organ, such as the eye. As concerns the 
lesson to be obtained from the behavior 
of the Amoeba, the instance brings home 
to us the fact that even at this lower 
level of animal existence the organism 
responds as though the exciting stimu- 
lus, physically absent, were present. 

Having duly recognized this rudi- 
mentary form of memory, we will next 
make search for a type of after-effect a 
degree or so more advanced in the scale 
of mental development. In doing this 
we take the plunge into the fascinating 
topic of eidetic imagery. 
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It is sometimes said of a young child 
that he seems to be visually preoccupied. 
His play is apparently centered upon 
imaginary visual situations and things. 
The imaginary world has assumed for 
him the guise of reality. Are we to in- 
fer that he is imagining in the manner 
in which grown-ups usually do? Let us 
see. 

During the past two decades some re- 
markable investigations have shown that 
a considerable proportion of children, 
and also some adults, possess the pecu- 
liar sort of imagination known as eidetic 
(from the Greek word eidos, meaning 
form). This eidetic imagination is 
strangely realistic; it is as though the 
person were ‘‘seeing things.’’ 

Present before an eidetic child a 
rather complicated pattern. After half 
a minute or so remove the figure. You 
will find to your surprise that the child 
ean, even after a considerable lapse of 
time, reproduce it for himself with an 
astonishing degree of accuracy, espe- 
cially if he is permitted to look at a 
neutral gray background. The pattern 
seems to be ‘‘out there against the 
sereen.’’ However, the child very early 
comes to understand that the object 
merely seems to be out there against the 
background, that he simply imagines it 
is there. 

This vivid form of imagination has 
been thought to be a general property of 
childhood. Children utilize eidetic im- 
agery in painting, drawing and in the 
making up of fairy-tales. The eidetic 
image arises not only spontaneously but 
may also, time and again, be called up 
at will. Girls have been supposed to 
possess the eidetie disposition more fre- 
quently than boys, also to be able to 
arouse the image at will better than 
boys. This fact of voluntary arousal is 
one of several marks by which the eidetic 
image may be distinguished from the 
ordinary after-image of sensation, which 
latter was illustrated above by the 
**ghost hand.’’ 
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A process of selection is to be observed 
at work among eidetic images, and for 
that matter goes on at all levels of 
imagination. A person’s interests de- 
termine to a large extent the degree of 
accuracy and stability with which the 
eidetic image is endowed. Thus, if a 
child is far more interested in birds than 
in butterflies, the images of birds will be 
more realistic in every way than those 
of butterflies, details of form and color- 
ing being more photographically repro- 
duced. In others, only the pleasing and 
the beautiful are retained in the image, 
the ugly and unpleasant features drop- 
ping out. 

Although eidetic imagery quite typi- 
cally wanes and decays after the age of 
puberty or thereabouts, notable excep- 
tions are nevertheless to be found. 
There is little question but that the 
power of eidetic visualization has been 
rather common among great artists and 
poets. Michelangelo and Goethe, to 
give just two names, were undoubtedly 
‘*eidetikers.’’ 

Among the Indians of Spanish Amer- 
ica there has existed from time imme- 
morial a custom of chewing ‘‘mescal 
buttons.’’ These are pills made of the 
drug peyote and give rise to visions of 
the most hallucinatory reality. The In- 
dians, we are told, use this drug more 
particularly in their sexual orgies and 
religious rites. The disturbances of 
vision resulting from peyote have quite 
recently been subjected to investigation 
in the psychological laboratory, but it is 
not yet entirely clear as to whether by 
this means genuine eidetic images can 
be produced artificially in those who do 
not by nature have such imagery as a 
part of their mental equipment. 

Although the overwhelming majority 
of research on this form of imagination 
has been done in vision, nevertheless 
there is eidetic imagery in other fields, 
such as hearing, smell, taste and pain. 
It need searcely be pointed out how im- 
portant eidetic imagery in hearing may 
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be for musical creation. Mozart, for 
one, must have possessed this faculty. 
Wagner is another probable instance, 
and others could no doubt be named. 
Incidentally, it is interesting to note 
that some people fail to get the eidetic 
experience unless one or more senses, in 
addition to the sense centrally involved, 
are simultaneously set into operation. 

Investigation has of late been directed 
toward a more scientific approach to the 
problems of education through a recog- 
nition of the réle played by eidetic im- 
agery in the learning processes of the 
growing child. But as to the relation 
between grade of intelligence and de- 
gree of eidetic imagery, this is still a dis- 
tinctly moot question, although some 
findings upon this subject have been 
published. 

The medical profession, likewise, may 
at some future time benefit through the 
researches on eidetic capacity, if we are 
to believe certain investigators. The 
speculation has been brought forward 
that eidetic type may yet be made to 
serve as a practical index of the con- 
stitutional type to which certain patients 
belong. Actual studies have been car- 
ried out along this line. For instance, 
the relation between eidetic type and the 
incidence of goiter has been surveyed in 
a preliminary way. This matter, how- 
ever, is still avowedly in the vague stage, 
although the lead is most attractive. 

According to one famous theory the 
eidetic image is a transitional medium, a 
sort of missing link, both in the indi- 
vidual and in the history of the race, be- 
tween the hitherto-described after-image 
of sensation and the more advanced 
memory image which we have yet to con- 
sider. Psychologists are endeavoring to 
interpret primitive art and language 
from the angle of the eidetic make-up, 
since the theory just indicated teaches 
that primitive man, as well as the child, 
must be presumed to possess the eidetic 
disposition. The interesting speculation 
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has also been advanced that some ani- 
mals show eidetic tendencies; if this 
were a fact it would constitute addi- 
tional evidence bearing upon the theory 
in question, as pointing to the primal 
nature of the eidetic imagination. 

The eidetic imagination, then, is out- 
standingly a fact of childhood. In 
adults it is the exception. This sort of 
imagination may be regarded as the 
means of preserving objects and situa- 
tions in vivid and stable form until that 
period of mental development sets in at 
which the less realistic memory image 
common to adulthood, and abstract 
thought, take the place of the startlingly 
realistic eidetic image. The eidetic 
mechanism, therefore, is valuable as aid- 
ing in the survival and progress of the 
race and the individual. 


III 


The word image means a likeness. 
And as we sometimes say of a painting 
or photograph that it is the very image 
or likeness of a person, so mental images 
are the likenesses of previous sense im- 
pressions. 

Moreover, just as the likenesses re- 
corded upon canvas and film vary as to 
vividness, excellence of outline and ac- 
euracy of detail, so do mental images 
differ greatly in respect to the faithful- 
ness with which they portray the orig- 
inal perceptions. 

Eidetic images, as we have seen, serve 
as an intermediary stage between the 
after-image of sensation and the ordi- 
nary memory image. This latter mem- 
ory image is to be distinguished from 
the eidetic image in a number of ways. 
For one thing, the common memory im- 
age is far less vivid, stable, real, than 
the eidetic reproduction; above all, it is 
localized not ‘‘out there’’ but ‘‘inside 
the head, I don’t know just where.”’ 

However, we must not lose sight of 
the fact that although we talk now of 
the typical memory image common to 
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later childhood and to adults, and then 
again of eidetic images, nevertheless 
these classifications are merely so many 
emphases and do not after all carry us 
beyond the scientific preliminaries. The 
contents of consciousness are in never- 
ceasing flux and flow. There are all 
sorts and varieties of eidetic and other 
images. Some eidetic manifestations, 
for example, are intimately related to 
the after-image of sensation, while oth- 
ers stand near in appearance to the com- 
paratively washed out and blurred 
memory image. 

The main notion to be grasped here is 
that any classification, no matter how 
carefully worked out, is still ever short 
of its mark. The contents of nature 
and mind, especially those of mind, are 
not discrete and separated one from the 
other like beads on a string. Rather, 
all events form a dynamic continuity. 
They are so many transitions and trans- 
formations playing back and forth be- 
tween poles which occupy varying posi- 
tions. 

Suppose we consider for a moment 
the importance of studying abnormal 
and diseased states of the imagination. 
How can this sort of study assist us to a 
better understanding of the normal im- 
agination? The answer is not far to 
seek. 

When a piece of machinery, such as 
an automobile, is running smoothly, one 
does not usually pause to examine the 
intricacies of the mechanism; the ma- 
chine is simply taken for granted, like 
health. But when something goes wrong 
and we are thereby forced to make a 
search into the inner workings of the 
machine, we then begin to compre- 
hend it. 

There is a grave mental disorder 
known as paranoia, which irradiates 
socially devastating results. This un- 
fortunate condition is marked particu- 
larly by delusions of grandeur or of 
persecution, ordinarily of both. The 


paranoiac may imagine himself to be a 
great scientist, artist, religious reformer, 
political figure, and so on in seemingly 
endless variety. Usually he believes 
that some one is scheming against him, 
is trying to undermine him, that all the 
world is plotting his downfall and de- 
struction. Imaginary voices, sneering 
and accusing, or perchance exhorting 
to unparalleled accomplishment, follow 
him on his daily rounds. Joan of Are, 
to mention just one famous historical 
case, is to be classed here. 

Charles Dickens has given us a mas- 
terful portrayal of the paranoiac per- 
sonality in his description of the father 
of the Marshalsea in ‘‘Little Dorrit.’’ 
Mr. Dorrit’s grandiose pose served as a 
defense mechanism compensating in part 
for the intense, agonizing feelings of 
social inferiority engendered by long 
years of confinement in a debtor’s prison. 
His ‘‘superiority complex’’ acted as an 
antidote to the ‘‘inferiority complex.’’ 

This process of compensation is to be 
perceived in operation everywhere and 
at all times in the realm of mind. But 
in paranoia the compensatory mecha- 
nism is enormously intensified and ex- 
aggerated and hence stands forth dra- 
matically for our better observation. In 
the paranoiac we witness the building 
up of an imaginary world to such an 
extent that the individual attains psy- 
chologically that which he can not seize 
in reality. The paranoiac condition 
represents a failure of adjustment to the 
environment, with all its stern realities. 
It is a flight from actualities. To be 
sure, there is an apparent exception to 
this interpretation in view of certain of 
our noted historical personages who have 
contributed so brilliantly to the prog- 
ress of civilization in its manifold forms. 
But detailed study of these cases finally 
leads back to this principle disguised in 
more or less subtle manner, and mate- 
rially aids in establishing it to be of 
universal scope. 
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The strange vagaries of the sexual 
imagination furnish another point of de- 
parture for clearer insight into the 
bizarre aspects and paradoxes of the life 
of imagination. Exhaustive delinea- 
tions and interpretations of the sexual 
imagination cram the archives of the 
psychoanalytic schools. Dissection of 
the dream state has been of much value 
in this connection, for the dream may be 
looked upon as subserving a safety- 
valve function. Failure to secure satis- 
faction of the sexually toned wish in 
waking life on account of the sanctions 
of society, or for any other reason, is 
compensated for in part by wish-fulfil- 
ment in the dream. Thus, the dream 
acts as a temporary release for the surge 
of the suppressed desires which would 
otherwise wreck the organism. The in- 
dividual, through the dream, obtains a 
respite from the torments of waking pas- 
sion. The gift of imagination has come 
to his rescue, but only temporarily. 
For the dream is not the adequate solu- 
tion. 

In all the kaleidoscopic life of the im- 
agination, no matter how simple or com- 
plex, whether in health or disease, the 
determining factor must not be allowed 
to elude our grasp. This factor is inter- 
est, feeling, emotional waxing and wan- 
ing, call it by what names you will. And 
if the doctrine of Freud has any single, 
outstanding merit, it consists in the un- 
stinted recognition of the dictatorship 
exercised by the feelings and emotions— 
in short, by the wish—over the im- 
agination. 

IV 


So far we have been occupied mostly 
with the imagination in its reproductive 
réle. But what of the creative imagina- 
tion, to which the mighty works of sci- 
ence, art and philosophy owe their 
origins ? 

Inspiration, that is to say the creative 
imagination, transforms within its flam- 
ing crucibles the earthy elements derived 
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from experience and ever reaches out 
beyond the confines of present, sensory 
experience. Copernicus surveyed the 
universe from the sun and a new world 
order sprang into being. Adams and 
Leverrier saw in the waverings of cer- 
tain planets the heralding of a far dis- 
tant heavenly body as yet hidden from 
the eyes of man. Laplace and Kant 
peered into the timeless past and gave 
us the nebular hypothesis. In all the 
gropings and strivings into the twilight 
of the depths of stellar space may be wit- 
nessed the powers of the creative im- 
agination, eternally dissatisfied with the 
mere to-day. 

The expressions of the creative im- 
agination are as many as the needs and 
emotions of mankind. Voltaire, in say- 
ing that Archimedes must have been 
gifted with at least as much imagination 
as Homer, struck upon a fundamental 
psychological truth, for the imagination 
is just as surely active in the discovery 
of a crucial natural law or in the de- 
vising of a scientific hypothesis as in the 
writing of an epic poem, the hewing of 
a Laocoon out of a block of marble or 
the composition of a great symphony. 

The popular notion has always seemed 
to be that the creative imagination 
brings forth something out of nothing. 
This is the mystic view. 

To a scientific psychology, and to sci- 
ence in general, what is called creation 
(new-formation) is after all trans-forma- 
tion. This is the meaning of evolution. 
Elements, previously given in experi- 
ence, are recombined and altered so as 
to issue in novel patterns. And one of 
the greatest aids to a better understand- 
ing of the ways of the imagination is the 
study of the lives of the men who have 
wrought. 

Here we can do no more than point at 
random to a very few works evidencing 
the activity of the creative imagination. 
We think at once of Kepler, laboring 
patiently for more than two decades in 
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his search for the laws of planetary 
motion. There is Lippersheim and the 
telescope which has resulted in an ex- 
pansion of the universe. There are 
Galileo and the hydrostatic balance, 
Torricelli and the barometer, Pasteur 
and the insignificant-looking test-tube, 
the wonders of our wireless transmission 
with its manifold forms and uses. All 
these, and an impressive array of others, 
represent the gradual growths and the 
brilliant bursts of the creative im- 
agination. 

In the halls of ancient and modern 
philosophy we contemplate the magnifi- 
eent constructions of Plato and Im- 
manuel Kant, holding out to us world- 
frames and interpretations of human 
values. 

In the domain of music, the heroic 
Beethoven uttering his Fifth and Ninth 
Symphonies, Chopin writing his unsur- 
passed tone poems, Schubert and the Erl 
King, Wagner in the home of the Val- 
kyries, the magic Scherzo of Tschai- 
kowsky’s Fourth Symphony in pursuit 
of the lights and shadows—these are 
heights of musical creation that extend 
into the very empyrean. Here, if any- 
where, does there seem to be a fashion- 
ing out of the void. 

Then witness the grandest poem of all 
time, the Book of Job, with its awe- 
inspiring portrayal of a human soul in 
conflict. Behold the ‘‘Prometheus 
Bound”’ of Aeschylus, the inspirations 
of Milton and Dante and Shakespeare. 
Again, turn to ‘‘Les Misérables,’’ with 
its sword-thrust into the social order of 
its day. In the world’s great literature 
each one of us who will may live over 
the strifes and aspirations of gods and 
heroes and common men. Herein lies 
the secret of these works, that they com- 
pel us to identify ourselves for the time 
being with their life and action. 

At last, behold the Faust in his old 
age. After a lifetime spent in futile 


pursuit of happiness, he finally turns to 
the gigantic scientific task of reclaiming 
vast expanses of land once inundated by 
the sea. 

This feat, undertaken in the first in- 
stance to demonstrate the power of man 
over the hostile forces of nature, now be- 
comes to Faust’s clearing spiritual vision 
an undertaking for the benefit of the 
human race. 


Below the hills a marshy plain 

Infects what I so long have been retrieving; 

This stagnant pool likewise to drain 

Were now my latest and my best achieving. 

To many millions let me furnish soil, 

Though not secure, yet free to active toil; 

Green, fertile fields, where men and herds go 
forth 

At once, with comfort, on the newest Earth, 

And swiftly settled on the hill’s firm base, 

Created by the bold, industrious race. 


Yes! to this thought I hold with firm persis- 
tence ; 

The last result of wisdom stamps it true: 

He only earns his freedom and existence, 

Who daily conquers them anew. 

Thus here, by dangers girt, shall glide away 

Of childhood, manhood, age, the vigorous day: 

And such a throng I fain would see,— 

Stand on free soil among a people free! 

Then dared I hail the Moment fleeing: 

** Ah, still delay—thou art so fair!’’ 

The traces can not, of mine earthly being, 

In eons perish,—they are there!— 

In proud forefeeling of such lofty bliss, 

I now enjoy the highest Moment,—this! 


Thus, in man’s unceasing struggle to 
attain mastery over the physical uni- 
verse without him and the mental uni- 
verse within him, he has passed from a 
relatively unconscious to a highly con- 
scious ‘‘ Will to Illusion.’’ In the pro- 
gressive victory over nature, in the noble 
structures of philosophy and literature 
and in the monumental works of art, we 
see the eternal strivings of the human 
spirit breaking free of its trammels 
through the genius of the creative im- 
agination. For ‘‘it is part of the es- 
sence of action to be veiled in illusion.’’ 
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THERE is one invention yet to be per- 
fected to make radio realiy successful 
from the standpoint of the speaker. 
For, I should like to ask those who are 
listening in this afternoon for a show of 
hands to ascertain how many of you 
have, at one time or another, had occa- 
sion to avail yourselves of the medical 
applications of x-rays. I did present 
this question to an audience which I was 
addressing some time ago and over 50 
per cent. of the hands went up. 
Whether this proportion is typical or 
not, I can not say, but certain it is that 
a very large number of persons in this 
modern world have reason to be thank- 
ful to Wilhelm Konrad Réntgen for his 
discovery of x-rays. When Rontgen 
went to his laboratory that morning, 
some thirty-five years ago, to continue 
his experiments in electric discharges in 
rarefied gases, little did he dream that 
before nightfall he would accidentally 
stumble on a new agency which within 
the next generation would give to the 
medical profession a new tool destined 
completely to revolutionize certain 
phases of medical practice, such as—to 
mention only a few—the location of de- 
fective teeth; the diagnosis and reduc- 
tion of fractures in bones; location of 
safety pins, bullets, marbles, or other 
trinkets in the human body; the obser- 
vation of the complete digestive tract; 
and the treatment of goitre and various 
malignant growths. 

These medical uses of x-rays are well 
known by everybody and, important as 
they are, I shall pass them by with only 
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this comment: that if in 1894 some 
international medical society had of- 
fered a prize of $1,000,000 for an inven- 
tion which should assist surgeons in 
setting broken bones it is a safe bet that 
not one of the aspirants for the prize 
would have been working in a physics 
laboratory with glass tubes, rarefied 
gases, electricity and the like—the para- 
phernalia which led Réntgen to his 
famous discovery. Truly scientific re- 
search pays large dividends. 

Before discussing the other uses of 
x-rays, perhaps it is in order to say a 
word or two about their production and 
some of their properties. 

If you examine the tubes in your 
radio set you will find that they contain 
a small filament, not so large as the fila- 
ment of an automobile headlight bulb, 
which when heated by the electric cur- 
rent gives off electrons; that is, minute 
particles of negative electricity. This 
ability of certain heated bodies to emit 
electrons is the starting point of all 
radio sending and receiving sets. With- 
out it, we should have no radio. 

X-rays are produced in a highly 
evacuated glass tube or bulb in which 
there is a similar, but larger, filament. 
Now, everybody knows that positive and 
negative charges of electricity attract 
each other. In the tube opposite the 
filament is a metal terminal or target, 
frequently made of that very heavy 
metal tungsten, which is maintained at 
a very high positive potential, and 
which therefore powerfully attracts the 
electrons ‘‘boiled out of’’ the hot fila- 
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ment. When these swiftly moving elec- 
trons are suddenly brought to rest as 
they strike the target, they produce 
x-rays. 

The process can be illustrated by an 
experiment which I wish to show you. 
I have here a tin pan and also a tin cup 
containing a pound or two of lead shot. 
When I strike the pan it emits a charac- 
teristic note like this (strikes pan 
gently several times): you can locate 
the tone on your piano. 

Now I am going to hold the tin cup 
some three feet above the pan and 
slowly pour the shot into it. Listen 
carefully and don’t mistake what you 
hear for static. Now: (pours shot into 
pan). If your ear is accustomed to 
analyzing sounds you could hear, 
amidst the rattle of the shot striking the 
pan, the characteristic note of the lat- 
ter. In short, the sudden stoppage of 
the shot by the pan produces sound 
waves which are made up of a noise plus 
the characteristic note of the pan. 

X-rays are produced in a somewhat 
analogous way. The tin cup corre- 
sponds to the filament of the x-ray tube. 
The shot corresponds to the electrons; 
the tin pan to the target; the force of 
gravity pulling the shot downward 
toward the pan is similar to the electric 
forces pulling the electrons toward the 
target; and the noise which you heard 
corresponds to the x-rays. 

Of course, x-rays are not actually like 
sound waves; rather they are exactly 
like light waves, only of far shorter 
wave length. It would take about 
50,000 light waves to make an inch; it 
would take 500,000,000 x-ray waves to 
cover the same distance. 

X-rays in reality have all the proper- 
ties of ordinary light. One of the most 
curious things about light is its ability 
to pass through certain substances such 
as glass, water, diamonds, ete. We are 
so accustomed to the fact that glass is 
transparent and that coal is opaque that 


we take it for granted. On the other 
hand, the ability of x-rays to pass 
through substances opaque to ordinary 
light is sometimes regarded as very 
strange. Actually, the behavior of 
x-rays is much more natural than is the 
behavior of ordinary light, for x-rays 
can pass through all substances, though 
in varying degree, some substances 
being more transparent than others. In 
general, the lighter substances are more 
transparent than heavy ones. Thus 
flesh is more transparent to x-rays than 
is bone; and accordingly when the 
rontgenologist takes an x-ray picture of 
a broken bone, the bone casts more of a 
shadow on the photographic plate than 
the flesh does. And hence we get the 
so-called x-ray picture which is really a 
shadowgraph. 

This property of x-rays has led to a 
very important use in industry; namely, 
the examination of various engineering 
materials such as castings, and other 
metal or wood parts, that go into the 
making of automobiles, airplanes, and 
the like, to locate possible hidden de- 
fects. For example, a casting may be 
perfect so far as the appearance of its 
surface goes, but hidden within it may 
be blow holes, sand inclusions, porous 
regions or small cracks, which obviously 
unfit it for use. Such defective parts 
have been the cause of many fatal acci- 
dents. It is now possible to examine 
such castings, particularly the smaller 
ones, by means of x-rays, in exactly the 
same way that the réntgenologist exam- 
ines a broken bone. And thus our 
automobiles, airplanes and high speed 
machinery generally may be made much 
safer through the agency of x-rays. 

The study of erystals is one of the 
most far-reaching purposes for which 
x-rays have been used. After I have 
finished speaking, sprinkle a few coarse 
grains of common table salt on a piece 
of dark paper and examine them with a 
hand magnifying lens. You will ob- 
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serve that a great many of the grains 
are little cubes—in reality little erys- 
tals. Who has not observed the ex- 
quisite patterns of snow flakes? And 
who does not linger a little longer over 
the beautiful crystals in the mineralogi- 
cal collections in our large museums? 

Just as the magnifying glass makes it 
possible for you to see the individual 
salt grains, so the x-rays make it possi- 
ble to study the exact way in which the 
atoms in each crystal are piled together 
to make the crystal. This is a fascinat- 
ing study in itself and has led to results 
of great practical importance. For it 
has been found that not only are all 
materials, with very few exceptions, 
made up of little crystals, but that there 
is a close correlation between crystal 
structure and strength or other proper- 
ties. For example, x-ray studies of 
crystal structure give very valuable in- 
formation regarding the behavior of 
iron and the various steels as affected by 
rolling, drawing and heat treatment. 
The development of the process for 
making the tungsten filaments of mod- 
ern incandescent lamps—without which 
process we should probably still be using 
the old carbon lamps—was essentially a 
problem in crystal structure. 

In chemistry, x-rays have found many 
uses. You have all heard the answer 
which a certain lady received when she 
inquired of a chemist how she could 
ascertain whether her string of pearls 
were real pearls: ‘‘Put them in a glass 
of wine at night,’’ said the chemist, 
‘‘and if they are gone in the morning 
they were real pearls.’’ The chemist, 
when he analyses samples by ordinary 
chemical methods, must of necessity de- 
stroy the samples. But by means of 


x-rays he is now able to make many 
kinds of chemical analyses without de- 
stroying or even altering the substances 
under examination. 

The way in which this is accomplished 
is easily understood. Referring to our 
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experiment with the shot and the tin 
pan: Suppose an assistant behind a 
screen had eight tin pans of different 
size each one of which emitted a charac- 
teristic note which, by previous test, you 
had located on the piano. By merely 
listening to the sound emitted when the 
assistant poured shot into a pan, you 
could tell which of the eight pans he was 
using. 

Now, by means of x-rays it has been 
found that there are exactly 92 chemical 
elements, of which 90 are known. Each 
one of these elements, when struck by 
the electrons in an x-ray tube, gives out 
a group of characteristic frequencies of 
x-rays. By identifying the various 
groups of x-rays emitted when a sample 
of material of unknown composition is 
used in the target of an x-ray tube, the 
composition of the sample can be 
determined. 

One of the most fascinating uses of 
x-rays has recently been discovered by 
biologists. It has always been a puzzle 
to know how the millions of different 
kinds of plants and animals originated. 
Some early students of evolution held 
that the polar bear, for example, devel- 
oped a warm, protecting coat of fur 
because of the environment of the Arec- 
tie in which he lives. This view-point 
has been inverted by many modern biol- 
ogists who now hold that environment is 
not the cause of the development of new 
species, but that, rather, the polar bear 
is able to live in the Arctic because, dur- 
ing the long process of evolution, he had 
previously been provided by nature 
with a warm, protecting coat of fur and 
was able to live in the Arctic. Accord- 
ing to this view, new species of animals 
and plants arise from what are called 
‘*mutations’’; that is, abrupt changes in 
characteristics. The offspring may be 
substantially like the parents for many, 
many generations. Then suddenly, and 
without any apparent cause, a new 
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species appears, differing from the 
parents in some essential characteristic. 
The sum-total of such changes or ‘‘mu- 
tations’’ over millions of years has, 
according to this view, resulted in the 
great variety of life which we find 
to-day. 

But how do these mutations come 
about? It is just possible that through 
the agency of x-rays the biologist may 
be able to find an answer to this ques- 
tion. It has been found, rather re- 
cently, that the seeds of plants or the 
eggs of insects, if exposed to x-rays 
before planting or hatching, develop a 
far larger number of progeny differing 
from the parent than is found without 
such exposure. Here then the biologist 
has a new tool which appears to make 
possible the artificial production of new 
species. 


Intensive studies of this new effect of 
X-rays are now under way, partly with 
the hope of shedding new light on the 
mechanism of evolution; partly to de- 
velop if possible new species of plants or 
animals of commercial value. 

This new field of research bids fair to 
yield very startling and far-reaching 
results, but happily, there is no imme- 
diate prospect that the biologist, by a 
few doses of x-rays, will be able to turn 
monkeys into men, or vice versa. 

Transcending all the above applica- 
tions are the uses which the physicist 
has made in acquiring a deeper insight 
into the structure of atoms, the nature 
of radiant energy and the interrelations 
between these two entities which make 
up the entire physical universe. But 
this is too long a story to tell you this 
afternoon and hence I bid you ‘‘adieu.’’ 


THE EARTH AS AN ENGINEERING STRUCTURE 


By Dr. WILLIAM BOWIE 
CHIEF, DIVISION OF GEODESY, U. S. COAST AND GEODETIC SURVEY 


HuMmaAN beings have lived on the earth 
for many thousands and possibly mil- 
lions of years, but it is only within the 
last few decades that man has found out 
some of the essential and fundamental 
facts connected with the earth that are 
needed to discover those processes which 
have continuously changed the elevations 
and geographic positions of points on its 
surface. 

The earth is not so mysterious after all, 
unless we acknowledge that all science 
is mysterious. If we use the fundamen- 
tal principles of physics and engineer- 
ing, we are able to attack and under- 
stand earth problems much more clearly 
than if we merely assume that the earth 
is a puzzle and that everything that is 
happening on its surface is mysterious. 

There are some things that we know 
rather definitely about the earth—its 
shape and size, for example. These have 


been determined by very accurate ob- 
servations made on the stars for latitude 
and longitude and by the measurement 
of distances between the astronomical 
stations by means of triangulation. As 
the distances are measured with great 
accuracy, the dimensions derived for the 
shape and size of the earth are corre- 
spondingly accurate. It is rather inter- 
esting to note that the most accurate de- 
termination of the dimensions of the 
earth was made by the Coast and 
Geodetic Survey. As they are the most 
accurate values known these dimensions 
have been adopted by the International 
Geodetic Association. 

Another thing we know about the earth 
is its density, which is about five and 
one half times the density of water. The 
density of the surface rock averages 
about 2.7 times that of water. Since we 
know the average density of the earth 
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and its size, we also know its total mass. 
We know that the earth is not a stable 
structure—it is yielding continuously to 
forces which are acting on it. Areas 
that were once beneath the level of the 
sea are now high in the air as plateaus 
or mountains. We know this because 
fossil sea shells are present in these ele- 
vated rocks and it is certain that the 
amount of water on the earth’s surface 
Was never so great as to have stood at 
the elevations at which we find the re- 
mains of the sea animals. There are 
areas that once were above sea-level and 
had mountains and plateaus, which are 
now below the surface of the sea. There 
are areas where rocks are found which 
have been pushed horizontally for a mile 
or more. 

The earth is subject to tremors from 
earthquakes, which occur at frequent in- 
tervals. An estimate has been made that 
there are approximately 8,000 known 
earthquakes every year. These are the 
quakes whose tremors are recorded on a 
very delicate instrument called the 
seismograph. There are not very many 
seismograph stations in the world, hence 
it is reasonably certain that if such sta- 
tions were placed close together many 
more thousands of earthquakes would be 
recorded yearly. 

There are many volcanoes on the 
earth’s surface belching forth lava, rock 
and smoke. These voleanoes must be 
vents in the outer portion of the earth, 
which extend down to regions where the 
temperature is so hot that the rock is 
melted with the rupturing of the rock 
above. 

We know that the temperature of the 
earth increases as one goes down from 
the surface. The temperatures at dif- 
ferent depths are taken in mines and in 
wells that are drilled for oil or water. 
The increase in temperature with the 
depth changes from place to place, but 
the average is 1 degree Centigrade for 
about 100 feet in depth. If this rate con- 
tinues down to the center of the earth, 
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the temperature of the center must be 
many thousands of degrees. We do not 
know whether the temperature increases 
all the way to the center, but at least it 
must continue for some miles below the 
surface, for otherwise there would not be 
hot springs, volcanoes and outflowing 
lavas. 

We know that at present there falls 
to the land area of the earth annually 
an average of about thirty inches of 
water in the form of rain. The time of 
the beginning of the formation of sedi- 
mentary rocks, according to the best esti- 
mate, was approximately a billion and 
a half years ago. There must have been 
rain at that time, for sedimentary rocks 
can not be formed unless there is run- 
ning water. We may also assume as a 
certainty that at the beginning of the 
sedimentary age, a billion and a half 
years ago, the earth’s surface was ir- 
regular, probably as irregular as it is to- 
day. If the rate of rainfall has been 
continuous during this billion and a half 
years, there could have been three 
quarters of a million miles of rain. 
When water falls to the earth as rain, it 
tends to go to lower levels, to the valleys 
and rivers, and eventually much of it 
goes back to the sea. This water carries 
with it in suspension and solution much 
soil and organic matter. It has been 
determined by the Geological Survey 
that the rivers of the United States in 
9,000 years carry to tidal waters an 
amount of material in suspension and 
solution equivalent to a layer of earth 
one foot thick covering the entire coun- 
try. This rate of erosion, or moving of 
material to tidal waters, may seem very 
slow, but it amounts to a mile of erosion 
in about forty-five millions of years. 
Since rain has been falling for approxi- 
mately a billion and a half years, thirty 
miles of material could have been re- 
moved if for any area this rate has been 
maintained. Of course, no such amount 
of erosion could have occurred in any 
particular area. 
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The waters of the ocean, if spread uni- 
formly over the whole earth, would be 
about 9,000 feet in thickness, somewhat 
less than two miles. This water has 
been used over and over again, thousands 
of times, during the sedimentary age in 
order to furnish the rain that has fallen 
back to the earth. This is the reason 
why the sea-water is so salty. Every bit 
of water that goes to the ocean has some 
solid matter in solution. During the 
evaporation this solid material is not 
taken up into the atmosphere but is left 
behind. Eventually the waters of the 
sea became saturated, as they are to- 
day. 

The evaporation of the sea-water is 
necessarily due to the heat received on 
the earth from the sun, and we may 
therefore say that we shall have rain as 
long as the sun shines. When the sun 
ceases to exist, if ever, the earth will be- 
come an inert mass, because it will be- 
come extremely cold and there will be no 
evaporation and rain. 

During the processes of erosicn and 
transportation of material from the con- 
tinents to the tidal waters, there is a 
disturbance of the equilibrium of the 
earth’s crust—some parts are overloaded 
and other parts are underloaded. This 
causes a pressing down under the heavy 
weights of sediments, such as we have 
at the mouth of the Mississippi River 
and an elevation of areas which have 
been undergoing erosion, such as the 
Rocky Mountains, which have been 
made lighter. 

It has been found by geodetic engi- 
neers working in different countries, but 
principally by the Coast and Geodetic 
Survey of the United States, that the 
outer portion of the earth, to a depth of 
approximately sixty miles, is composed 
of solid rock. This rock will break when 
forces are acting upon it for a long time, 
provided the forces are of sufficient 
strength. The interior of the earth, on 
the other hand, has been found to be 
composed of material that will yield 


like plastic matter to forces that are act- 
ing on it for long periods of time, say 
tens, hundreds or thousands of years. 
This interior material behaves like an 
elastic structure when forces are acting 
on it only for a short time. Such forces 
are the tremors that go out from an 
earthquake, and the _ tide-producing 
forces of the sun and the moon which 
change phase several times a day. 

The result of this condition of a solid 
shell and a plastic interior is that under 
the heavy loads of sediments, which are 
deposited along the coast of a continent 
by its rivers, the solid material is foreed 
down and the sub-crustal material is 
moved back towards the areas from 
which the sediments were derived. The 
outer shell, frequently called the earth’s 
crust, rests on the interior material very 
much as a raft formed of logs rests upon 
a body of water. There is an equili- 
brium, established by the yielding to 
these loads of the outer shell of the earth, 
that is given the name ‘‘isostasy.’’ This 
is a term derived from Greek words and 
it means ‘‘equal pressure’’ or ‘‘equal 
standing. The earth is in isostatic 
equilibrium, and whenever materials are 
moved over its surface by streams or 
rivers there is a tendency for the equili- 
brium to be restored. Of course, the 
earth’s surface does not yield to very 
small loads—a few hundred or a thou- 
sand tons—or even to a few millions of 
tons, but after a river, like the Missis- 
sippi, has been sending solid material to 
the Gulf for a great many years, the 
crust near its mouth will be under such 
a stress that it will be pushed down to 
restore balance. 

Since the temperature of the earth in- 
creases with depth, it is certain that the 
crustal material, which is pushed down 
under heavy loads of sediments, reaches 
regions which are normally hotter than 
the regions previously occupied. Even- 
tually this crustal material takes on new 
temperatures and that causes an ex- 
pansion that forces the earth’s surface 
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upward. Here we have an explanation 
of the phenomena that earth’s materials, 
once below sea-level, are now lifted high 
up in the air. 

Where erosion has been going on for 
thousands or millions of years, the 
earth’s crust will be pushed up to re- 
store the isostatic equilibrium. During 
this process the crustal material will be 
raised into colder regions, and eventu- 
ally it will be cooled down. This will 
cause a contraction and carry the earth’s 
surface down, perhaps even below sea- 
level. 

It would seem, from what has been 
said, that we must have four distinct 
eauses of changes in the elevation of 
places on the earth’s surface and of 
earthquakes. First, is the sinking of the 
earth’s rocks under the load of sedi- 
ments; second, the elevation of the 
crustal material as it is pushed upward 
under the area of erosion; third, the ex- 
pansion of crustal material which has 
been pushed down by the sediments into 
hotter zones; and fourth, the cooling and 
contraction of crustal material which 
has been pushed upward under areas of 
erosion. 

It will be seen that we have been 
treating the earth as an engineering 
structure, such as a bridge or a building. 
We can follow through some of the proc- 
esses that are common to the physical 
laboratory and to engineering field work 
in the moving of materials of the earth. 
There is no such thing as a rigid earth. 
It is a yielding structure and it will con- 
tinue to be a yielding one as long as we 
have rain and sunshine. It is very 
fortunate that the earth is not composed 
of material of prodigious strength. If it 
were, forces would accumulate until they 
overcame the strength of the earth’s 
materials and then there would be an 





earthquake which would be vastly more 
destructive than those we are accustomed 
to. Strange as it may seem, the more 
earthquakes we have the safer we are, 
because the more we have the smaller 
will be the intensity of any one of them. 

Earthquakes are caused by rock break- 
ing, and what is called the epicenter, or 
point at which the break occurs, must be 
within about sixty miles of the earth’s 
surface. It is reasonably certain that 
most of the earthquakes occur within 
thirty miles of the earth’s surface. 

We hear much about this or the other 
earthquake being more destructive than 
some other one, but we are very apt to 
rate an earthquake in accordance with 
the damage it does to human structures. 
An earthquake may occur in the center 
of a great desert and may create a great 
gap in the earth’s surface, but may not 
destroy any human habitations because 
there are none near. Another earth- 
quake of much less proportion may dam- 
age buildings and destroy human lives. 
The earth’s surface has been subject to 
earthquakes for hundreds of millions or 
a billion of years. Since we can not 
prevent them we should apply our 
science and engineering to the problem 
of building our structures in such a way 
as to resist the shaking. 

The earth will never collapse, but the 
mountains are not everlasting, and we 
will have earthquakes as long as the sun 
shines and we have evaporation and 
rainfall. Earthquakes will stop only 
when the sun no longer shines, but this 
probably will not occur for hundreds of 
millions of years. We must accept 


nature as it is, treat the earth as an en- 
gineering structure, and erect our build- 
ings and other structures with a view to 
resisting those forces of nature which 
are constantly at work. 
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WHO IS THE AMERICAN INDIAN? 


By Reverend JOHN M. COOPER 


PROFESSOR OF ANTHROPOLOGY, CATHOLIC UNIVERSITY OF AMERICA 


THE purpose of this short talk is to 
answer some of the questions that are 
more commonly asked about the Ameri- 
can Indian. 

We shall take up in turn his physical 
structure, his mental level, his lan- 
guages and his culture. 

Physically, the Indian is a member 
of the great Mongolian division of the 
human race. He shares with the North- 
ern and Eastern Asiatic peoples their 
lank black hair, their yellow-brown 
skin, their broad face, and a number of 
other characteristics. In fact, there are 
some peoples living to-day in Northern 
Asia, who if transported into the midst 
of an American Indian Reservation, 
could not be distinguished physically 
from the Indians themselves. The 
Eskimo is merely a specialized variety 
of the general American Indian type, 
just as the Chinese and Japanese are 
specialized varieties of the Asiatic Mon- 
golian type, or just as the tall, blond, 
blue-eyed Northern Europeans are spe- 
cialized varieties of the Caucasian type. 

Intellectually, the American Indian 
can not be proven to differ appreciably 
in average mental level from the white 
man. We have no conclusive scientific 
ground to show that the Indian is in 
the least inferior in average mentality 
to us of the white race,—if that is say- 
ing anything to his credit. Certain 
psychological tests, have, it is true, 
shown a gross margin in favor of the 
white man, but it is highly questionable 
what conclusions, if any, can legiti- 
mately be drawn from such gross differ- 
ences in relative scores. These differ- 
ences, so far as our present knowledge 
goes, may be due entirely to differences 
of social background, or of language, 
or to other factors that have little or 


nothing to do with basic intelligence 
proper. For instance, in one series of 
tests given recently, the Indian children 
examined ranked low on the proverb 
test but high on the story-memory test, 
both being tests of the Otis Group In- 
telligence Seale. These results are in 
all likelihood due not to mentality as 
such, but to differences in training, edu- 
cation and social background. The use 
of proverbs is a culture trait wide- 
spread over the Eurasiatic and African 
continents, but practically unknown on 
the whole American continent. Story- 
telling, however, is decidedly native to 
American Indian culture. It is natural 
enough then, in view of the Indian’s 
cultural background, that Indian chil- 
dren should rank low in tests built upon 
knowledge and grasp of proverbs, and 
high in tests built upon retentiveness of 
memory as regards stories read or told 
to them. 

So far as language is concerned, our 
Indian languages and linguistic stocks 
are totally distinct from all other lan- 
guages and linguistic stocks of the 
world. Some recent efforts have been 
made to prove kinship between some of 
our Indian languages and the languages 
of Melanesia and Australia, but the 
conclusions drawn, while interesting, 
are very far from convincing, and have 
not won any appreciable acceptance 
among specialists in the field. On the 
whole American continent there are 
more than one hundred and fifty ab- 
solutely distinct linguistic stocks,— 
stocks quite as distinct one from the 
other as are our English and other 
languages of the Indo-European stock 
from Chinese or Bantu. For instance, 
the languages spoken by the Iroquoian 
peoples of New York State are as ut- 
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THE LANDSLIDE AT POINT FIRMIN. = 
CALIFORNIA 


By Professor WILLIAM J. MILLER 


CHAIRMAN OF THE DEPARTMENT OF GEOLOGY, UNIVERSITY OF <¢ 
OS ANGI 
INTRODUCTION On May 7, 1929, Dr. F. ] 
nm , . made a report on the lar 
[HERE are two features of particular 
eity of Los Angeles OO) 


interest in regard to the landslide a yen 4 Pwr . % 
Point Firmin, California; first, that a 1929, Ralph Arnold, M i 
considerable body of bed rock on the ‘é¢ writer, with much mot 
coast is slowly moving into the sea, and able, rere anotwer reper 
second, that detailed observations have we veral Limes on — rd 
been, and are being made on the rate of the writer has visited t] 
the changes made durin 


the movement. This movement is tak- 
of the slide. 


ing place with sufficient rapidity to af- 
ford an exceptional opportunity of actu- 
ally observing the various stages of a VENERAL UBARACTER AMD | 
notable alteration of part of a coastline THE LANDSLIDI 
by shifting of bed rock. The slide involves about 

The landslide is taking place just east bed rock on land, and an 
of Point Firmin at the southern end of much larger, though rather in 
San Pedro, which is a part of the city known, body of bed rock und 
of Los Angeles. The movement was first as indicated by Figs. 1 a 
noticed early in January, 1929, and it whole block of sliding rock, 1 
has continued without interruption ever from north to south, is probab 
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FIG. 1. MAP OF THE LANDWARD PORTION 


OF THE LANDSLIDE AT POINT FIRMIN, CALIFORNIA. 
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THE MEMORIAL TABLET TO SIR WILLIAM AND SIR JOSEPH HOO! 


WHICH HAS BEEN RECENTLY NVEILI IN ST. MAry’s CH 
PHI ABLET WAS DEDICATE! IME OF THE OPENID) 
CAL CONGRESS IN ENG 


the present owner, Miss Parry, and tea’ prepared for his use was 
was served to a large gathering at the pied. On investigation it app: 
church rooms. Here Lord Ullswater Lindley was at the time hopi 
formerly Speaker of the House of sent abroad to collect plants 
Commons), a leading resident in the measure of preparation for 
county and chairman of the Hooker ships he expected to endur 
Memorial Committee, gave expression to chosen to sleep on the un-up! 
the general appreciation of the local floor! Providence, however, saw 
arrangements wise, and these early hopes wet 
The tablet is the work of the sculptor, realized. Lindley became 
MeA. H. Gerrard. The inscription is botanist, but rather in the lectu 
framed in a decorative surround in and herbarium than as a trav 
which the plants employed (it may be — collector. 
explained to prevent controversy in The necessary funds for th 
time to come) have no relation to any were provided by a number of 
of the Hookerian discoveries but are and institutions with which the 
used solely as decorative matter had been connected, including the 
During the Hooker period, Hales- of the University of Glasgow, ar 
worth was visited by many contempo- by individuals who had been cont 
rary botanists, both British and foreign, ary with Sir Joseph. Two invitat 
including Pyrame de Candolle and contribute were sent abroad and 
Lindley. Of Lindley, then a young met with generous response. © 
man, it is recorded that the servants from the present Madame de C: 





were much coneerned because the bed of Geneva, as representing 
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\ domic 
section as well 
without pillar on 

walls, so that neitl 
sound broken from any 
the hleht comes from the ceiling 
semicircles of 100-watt lamps, 177 
together, flooding their radiance towa) 
the stage An unusual use is mac 
‘side’’ stages extending out from 
proscenium and opening onto the mai 
floor through seven arches Krom 
galleries it Is possible to give any 
sired effect of color or intensity 
auditorium has been wired for soun 
after a plan worked out by Professor 
Klovd Rowe Watson, of the University 


of Illinois, and T. F. Bludworth, of New ————— ——oo—— 
THE NEW SCHOOL FOR SO 


RES] 


York, so that volume may be controlled 
absolutely and all echoes and reverbe? 
ations absorbed hographieal guide 


The faeade of the building is dis litical seclence 


resol 


tinguished by windows sweeping the full libraries of the eit 


width and by alternating white and = are kitchen 

black briekwork The basement ¢o1 ine-rooms 

tains an auditorium with a sunken floo thy 

where the dance will be taught as one ot 

the arts. On the mezzanine floor abo 

the auditorium there is a group of **‘ talk 
r niches.”’ There are six classrooms 
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t} i. second oor with a seating capa 


70, and with the largest of then 
wired for sound The third floor 
viven over to offices and an exhib 
tion room, and on the fourth floor 


principal Space IS occupied by 


rv. with staeks for 15.000 vol 
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